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INTRODUCTION, 

Gf.NER.AL ReM.AEKS upon the DesIRUCTIUX 01 Wool! 

Millions of tons of wood are produced every year lu the forests of 
the world. Observation, however, tells us that the sum total of wood 
upon the surface of the earth remains fairly constant from year to 
year and from century to century. We must, therefore, coiirludc that 
there are destructive agencies at work by which nidlions of Inns laf 
wood are destroyed annually. Regarded in this light the problem 
of what these destructive agencies are, and how they act, becomes of 
general scientific and economic interest. 

The balance between the amount of wood formed by trees and 
[JoURN. Econ. Biol., 1906, vol. i, No. 3.] 
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ihiit destroyed in a ; 4 ‘ivcn period of time, such as a centnr)', lias mr, 
aiwai's been bepl. An excess ]iroduclion of wood led to the fonii;o 
tiou ii{ the (',(). il Measures. There is no reason to suppose that the 
assiimlator)- ai tivily of trees during the Carboniferous Period was 
ant’ greater than now, if similar cliinales be taken into account. The 
ai.i iiniiilation of wood seems to have been due to the geological con 
(liliona Iniving been unfavourable to the destructive agencies, and ni 
pr.rtii iilar to fungi. The dead parts of trees, which are deposited on 
the lloors of our lAnro|ican forests, arc kept constantly moist or wet, 
while vet being mi.xcd with plenty of air. Under these conditions 
the wood (lestro) ing fimgi flonrish. During the Carboniferous Period, 
liowcxcr, the dead leaves, twigs, and trees, upon falling, seem to liavr 
been iiuiikl}' |)lungcd beneath Irce water, and thus to have beronic 
thoroughly soaked. They further appear to have been carried by 
slreains into salt lagoons ‘ or lakes, and there to have been finallv 
deposited. .\t llic present day such conditions appear to be very 
unfavourable to the wood destroying fungi. Wooden [liles, suliinergcd 
l.cncath cither fresh or salt w.ilcr, icinain long, if not entirely, prcsci'vod 
from the inroads of these organisms. Thus the piles in the lake- 
ilwclliiigs of .Switzerland tind Ireland h.ive lasted for centuries. W hen 
the [liles of Old London Bridge - were taken up they were found tn 
be sound after si.v liiindrrd anil fiflv years of use. Ccimplctc satura- 
tion (d' wood with water, wliidi now preserves limber from the inroarls 
c,l fungi, was in all probability just as unfavourable to tlicse orgaiusivis 
in the Carlionifcroiis I’criod. The accumulation of the Coal Measures 
may thus [lerhipis in part lie accounted for. 

Among’' the agents at present at work in destroying wood, aiiiiiials 
will he first shortly considered. 

■Mmost all the higher forms leave wood untouched, if for no 
other reasun, licrausc its mechanical resistance defies their teeth. Ele- 
plianls, with their huge grinders, tear down branches, [lound them up, 
and thus feed on woody fibre.^ few rodents have the habit of gnaw'- 
ing wood, partly for the purpose of making burrows in which to live 
or b'dc, and [larlly ill order to obtain food. The enormous annual 
dcstructirai of wood anti indeed of standing Umber b\' fire ihruugli 
tlic agency of man is of conise a matter of general knowledge. 

( erlaiii Crustacea of the group Malacostraca, e."., Chclura- ifrc- 
hraiii} liorc into wood piles, and thus weaken them. .Some Molliisra 
of the group f ..inielllbranchiala, c.g., Teredo iinzidts, the “ship-worm,” 


1 Geikie, Text-book of Geology, 3rd ed., p. Soj. 

-G S Uoulger, Wood, 1902, p. 254. 

Hutchinson, Extinct Monsters, p. 211. 

Hertwig, Lehrbuch d. Zoologie, 4te Augl., p. 386. 
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have the same )iablt. By borin" into piles the animal has heeii the 
raiise of tlic breaking of certain dams in Holland,' with the loss of 
man)' human lives. 

It IS well known that many insects bore into wood. Aci ording 
to nrummond,- in certain parts of tropical Africa not a stnk falls 
to the ground but is immediately converted into powder In- the ai tivilv 
of the Termites or so-called White Ants. The true Ants, too, some 
times make their living rooms in wood. This the writer has oliscrveil 
near Munieh, where old stumps are frcquentl)- thus iiiliablted. 

Xumcrous species of Coleoptera inhabit wood. One of the best 
known cases is that of Aiiobiinn sIrMlinii. which often dcslrovs (iivni 
lure, 1 his insect nourishes in air-dry timber, where it is iiradic.illv 
free from all competitors. Xo fungus could grow iiiidor surli con 
ditions. It seems probable that Auohhun. as well as (oitaiii Mili-s 
that live on dried jihint specimens, obtain the water nciessai-\- fm llie 
strurliire of their tissues by s|)litling up carbolivdralcs,-' such as cellii 
lose and starch. 

It is certain that many inserts live upon the wood into which tliev 
burrow. They first pulverise it. Whether or not they merely dissolve 
out the cell-contents, such ns starch and proleids contained in the 
medullary rays and wood parenchyma cells b\' means of appropriale 
ciir.vmes, leaving the actual cell-membranes clicniically unaUered, has, 
so far ns the writer knows, not yet been definitely ascertained. 1 
examined the dust produced by Anobium striatum in a thick |iitce of 
stem of the Sugar-cane. The dust was found to consist of faeces 
wliirh were mainly made up of broken cell-walls, ini.xcil, huwcicr, 
with many starch grains. The cell-walls were still ligiiifietl, and no 
free cellulose could be detected. The usual tests with phlorogluriii 
and h)-drochloric acid, with chlorr.inc iodine and with iodine and 
sulphuric acid, were employed. Proof was thus obtained that lignilieil 
membranes can pass through the alimenlarv catial of Aiiiibinai willioiil 
becoming delignified, 

b\'e mav now consider the vegetable organisms which destro)- 
wood. 

Bacteria arc the cause of the breaking down of so many organic 
substances, that \\e might well exjrect that they arc ;ds(.i conrorned in 
the destruction of wood. They are indeed siisjierted of bringing about 
the deca)' of wood In the roots of Pitins syhestris sulfenng from die 
disease known as " Wnrzelfanle.” As yet, however, no wood clcstrov- 


^ R. Hertwig, ioc. cit., p. 328; vide also Hedley, Austral. Ass. Adv. Sci., rgor, p. 237. 

• II. Drummond, Tropical Africa. 

^ This method of obfalning moisture has already been suggested by Massart in Ihe case 
of desert insects which live on dry dong. Le Desert, Bruxelles, 1899. p. 15. 
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ing bacteria have been isolated. Bacteria which destroy unlignified 
membranes, those consisting of cellulose, are very wide-spread in nature 
and can be obtained from any soil containing humus, or pond where 
vegetable matter is decomposing.* In some cultures which I made with 
these bacteria, “ the cellulose fibres of filter-paper were rapidly de- 
stroyed. On the other hand spiral vessels and pitted ducts present 
in the vascular bundles of some succulent leaves and stems, which had 
also been introduced into the cultures, survived the action of the bac- 
teria apparently unaltered. This observation makes it doubtful whether 
the cellulose-destroying bacteria are also able to break down lignified 
membranes. The whole question of the relationship of bacteria to the 
decay of wood certainly requires investigation. 

The chief agency at work in destroying wood is undoubtedly 
the fungi. Of these the groups concerned arc the Ascomycetes and 
the Basidiomyretes. 

The Ascomycetes rarely do much damage to the wood in bulk, 
such as tree-trunks or tliick branches. They are numerous, however, 
upon twigs and the surface of wood. They require a comparatively 
small amount of food to produce their small fruit-bodies. 

The Basidioniycetes are the most active destroyers of wood. The 
lower forms have comparatively simple fruit-bodies, and are often 
found on small branches. The higher forms, however, have more com- 
plex, and, as a rule, iiiuch more massive fruit-bodies. They thus require 
a rom|>aratively large amount of food to complete their development. 
When wood is the food, this is obtained by acting with enzymes upon 
the substance of thick branches and tree-trunks. In this manner the 
Basidioniycetes remove most of the wood which falls to the floor of 
our forests. 

It is admitted that if timber be kept perfectly dry, or submerged 
beneath water, it will resist decay for an indefinite period. It was 
formerly thought that alternate exposure to air and water was sufficient, 
per se, to bring about the decay of wood. There is, however, no evidence 
ihul such ii the case in the absence of living organisms. 

Literature. 

The causes which lend to the decay of wood were elucidated toward 
the hitler end of the nineteenth century. 

Theodore llartig was the first to soientifically investigate the decay 
of wood, and published the results of his work in 1833 in a paper 
entitled “ Abhandlung iiber die Verwandlung der polycotyledonischen 
Pflanzenzcllc in Pilz- und Srhwamm-Gebilde und der daraus hervorge- 


1 Om-Iianski, Kef. in Cheiii. Cenlralbl., 1898, ltd. i, p. 269. 

= Bailer, Die Wirkung von Baklerien auf tote Zellen. Dissertation. Leipiig, iSgg, p Jo, 
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henden sogenannten Faulniss des Holzes." ‘ Hartig's views of the 
red-rot of trees were as follows; — As a tree passes a certain age the 
functions of its parts begin to be lost, bringing about the decay of tlie 
wood. This may, however, happen earlier in consequence of unfavour- 
able external conditions. The first step in decay is the breaking up 
of the contents or membranes of the wood cells into tiny balls or 
monads. These monads gradually form rows and fuse, thus becom- 
ing converted into fungus hyphae. These hypliac can then grow and 
infect wood which is sound and cause it to rot. Hartig called the 
fungus by the somewhat fanciful name of Nyctomro's (Xai-htfaser), 
as an indication that the hyphae originated in deepest darkness. 
Although Hartig shared the views of his time, and explained the 
presence of the fungus by spontaneous generation, he discovered farts 
which made him hesitate In this conclusion. Having observed the 
fruit-body of a Pulyporiis upon the outside of a rolleii tree, in which 
he could make out the Nycloinyces hyphae, he askerl liimsclt tlie ques- 
tion whether the fruit-body had not been produced by the X vrloiiiycrs. 
He failed to find the connecting hyphae, the presence of which would, 
he said, entirely alter his views upon the origin of the Nyclowycrs. 
Hartig’s work was, however, of considerable value, for it added to our 
knowledge the fact that the decay of wood is usually connected with 
the presence of fungus hyphae. 

The origin of the hyphae in decaying wood from spores jiroduccd 
by fruit-bodies became clear from the researches of de Bary, Tulasne 
and others upon plant diseases. 

Srhlacht'^ investigated the changes brought about by fungi in 
dead plant cells. He observed the disappearance of starch, protoplasm 
and cell-walls, paying particular attention to the passage of hyphae 
through cell-walls and to their corrosion. Owing to the alisence of 
fruit-bodies, Schlachl failed to identify the fungi wliirh he saw. 

In i 860 Willkomm, in his “ Microscopische Felude des Waldes," 
gave an account of some investigations upon Red Rot and White Rot. 
He observed different kinds of hyphae in rotting wood, hut failed to 
connect them with the fruit-bodies of Basidiouiyt etes. He added little 
that was new upon the subject. His w’ork serves, however, to show how 
incompletely the decay of wood was then understood. 

In 1878 appeared Robert Hartig’s work called “ Zersetzungser- 
scheinungen des Ilolzes.”* It was provided with many excellent illus- 
trations, and threw a flood of light upon the decay of wood. The 
fungi concerned and their method of action were described in detail. 


* T. Hartig, Berlin. 

* Hermann Schlacht, Jahrbucher f. wiss. Bot., 1863, Hd. 3, p. 442. 

* Berlin, 1878. 
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The acrount included Trametei rnduipejdii, T. p'tni. Polyporus fith:,, 
(Hurlipn), P. virpormins, P. mollis, P. horenlis and Agaricits melle-:> 
upon the Coniferae, and Hydnuni diver sidens, TheUphora perdix 
(Stereum f rristidosinn), Polyporus snlphureus. P. igniiiriiis, P. dryadem 
and Stereum hirsulum upon the Oak. Hartig showed that each fungus 
has ,1 specific action upon wood, so that it is often possible by macros- 
copic ms])ection of a piece of wood to determine the fungus concerned 
in the decay, even in tlie absence of fruit-bodies. Great attention was 
paid to the corrosion of cell-walls and their dissolution. 

.Several other publications' of Hartig are mare or less devoted 
to the decay of wood. The chief is his monograph on Mernlius lorn, 
mciiisd {he so-called Dry Rot fungus. 

Marshall Ward has written a note upon “ Peoinllium as a wood 
rleslroying fungus.”'' In a paper “On the Biology of S/ereinii hnsu- 
Itiin," ^ he describes pure cultures of the fungus from the spore to the 
fniit-liody, and gives an account of the changes it produces in wimd. 
In the first number of this journal 1 have given an account of the 
destruction of wooden paving blocks in the streets of Birmingham ' by 
l.entinus lepideus. 

A pure culture of a wood-destroying fungus — Collybia vclutipes-- 
was made by Constantin and Matruchot," and later also by Biffen.'' 
In an e.\cellent pajierby Falck' a description with photographs is given 
of pure cultures of Collrhio :eliiltpcs, H yplwlonut fosciculare and 
Phlebiu vierismoides. three Agarics, which live on dead wood. The 
fruit-bodies were obtained from oidia, which are produced by tlie 
breaking up of the mycelium grown in |Hire cultures from spores. 

In a |)aper “On the Biology of ll/dgorio polymorpha, W'ett.' 
Biffen" has described the delignification of the cell-walls and removal 
of the middle lamellae from the wood of the Oak by the fungus. 

In America, voii Schrenk has recently published a number ol 


iWichtige Krankheiten der Waldbaurae. Berlin, 1S74; Unters. aus d, Forst bot. 
Iiistitut zu Munchen, 1883, iii ; Allg. Forst und Jagd-Zeilung, 1887; Forsil-naturw, 
Zeitsclirift, 1893. p. 57; Cenlralb. fur das gesammie Forslwesen, Heft 6, 1900; Pflanzen- 
krankheiten. Berlin, 1900, pp. 165-208. 

Hartig, Der iichte Haosschwamn (Mernlius lacrimans), Berlin, 1885. 

® Marshall Ward. Ann. of Botany, 1898, vol. xii. 

‘‘ Marshall Ward, Phil, Trans. I?oy. Soc., 1897, vol. i8g, p. 123. 

Biiller, Journ, Econ. Biol., 1905, vol. i, p. 2. 

Constantin and Mainichot, Comptes Rend., 1894, vol. 119, p, 752. 

Hiffen, Journ. Linn. Soc., 1899, vol. xxxiv, pp. 147-JO2. 

« Richard Faick, Beitr. z Biol. d. Pflanzen-Colin, 1902, Bd. viii, p. 307. 

^ Biffen, Ann. of Botany, 190T, vol xv, p. 119. 

V’^on Schrenk, U.S. Dept, of Agric., Bull, no, 25, 1900; ibid., no. 21, 1900; 
i2th Ann. Kpt. Missouri Bot. Gardens, 1902; Journ. Western Soc. Engineers, 1901; 
Yearbook Dept, of Agric. for rgoo; U.S. Dept, of Agric., Bull. no. 14, 1902 : ibid., no. 32, 
1903; ibid,, no. 36, 1903. 
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papers upon the destruction of wood and the diseases of forest trees. 
Ihs work is of nractieal as well as scientific interest. 

C.'/apek ‘ has made an important contribution to our know 
Icclfte of the eiizr’ines of the wood-dcstroyinj^ fiin^i. lie has e.xtracled 
.111 cii/.yme from Mcrnlius huntiiivis which brings about the ileli^iiili 
l atioii of wood. He regards a lig'iiilied celfwall as an ester of l ellu 
lose and hadroiiial,' which can be split up into its constituents by the 
e;i/\iiie which he has named hadroiiiasc. llic cellulose can then 
be decomposed b)' cytasc. 


I'hk; Prkskm' Rk.sk.ari it. 

Ilartig's wiirk was limited to the destriu lion ol the Oak and t 'oiii 
ferae of the (icriiian forests. At his suoocsllon I li.oc iii.ule an iiivesti 
gation into llic dcsiruetioii of the wood of the Syo.imoic (.leer /mvo/e 
/’Ifi/aiiHs). He kindle placed at my disposal a <|iiaiitity ol material 
wliicli he had eollecled. ilhisiratiiig the decac as caused hy /ki/r/'m/et 
SI/!I,!I!!0SI/X. Follies rcc;i'tiis. and As^oruus iiuilotts. The present paper 
is devoted to the first •iiaiiied fmigns. 

The work was' coiiimenccd in icon, duniio the lerin ol an ih.ci 
Mxhiliition Srhohirship at the l-'orst liotaiiisdics liislllul at Munieli, 
lierc the anatomy and ehemisiry of the rotten wooil uas coinpleled. 
The life-historv of the fungus was studied at the I iiiversil)' ol 
liirmmghaiii. 

1 am niurh indebted to the late Professor Rnlicrt llarlig for the 
kind interest he look in the rescareh, for providing me with the iieres 
sary material, and for the liberal manner in which he gave me the 
advantages of criticism based upon a life-long and iniiqiic expcrieiuc 
of forestry and plant-pathology. 

POLYPOKL'S -SOI'.NMOSHS, liens, 

Gknekai, Rkm.irks. 

Polvporus sqihViii’siis. the Great Scaly Polvnoriis, or S.iddle Bark 
fungus, is 011c of the best known of the trcc-dcstiojiiig fungi. Its 
large ochraceous fruit-bodies, checkered with lirown scales above, arc 
frequently to be seen projecting as brackets, either singly or in groups, 
from branches or the trunks of trees in woods, parks and gaidens 
(Fig. A). The fungus destroys a large number of omanicnlal trees. 


1 Czapeli, Ber. d. D, bol. Cesell., 1899, Bd. xviii, p. 1C6. 

"-Czapek, Zeilsctir. fur physiologische Clieraic, 1899, Bd. xxvii, p. 14. 
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and should therefore be of interest to all who have the care of them. 



Fig. A.—Uhnus monlana, with five fruit-bodies of Pol)forus squamosus growing out 
from a large wound surface where a great branch has been brokeu off. 
The top fruit-body has a vertical central stipe In middle of pileus. 
About nat. size. 

The fungus is common throughout Europe, and is recorded as 
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having been found upon an Elm in the State of New York.' It also 
ocrurs in Minnesota, 

During a two j'ears’ residence at Munich 1 iiad frequent oppor- 
lunity of observing the fruitMrodies. In igoi a series of fine old Chest 
nuts and Sycamores were cut down in the Ilof-garten, owing to the 
majority having suffered from fungus attacks. In three cases fruit- 
bodies demonstrated the presence of Polyjtorns si/iitrmosiis. nuring 
July, 1901, four of the Red Chestnut trees in front of the Wiltelsbarher 
Palast were bearing fruit bodies simultaneously. In the Englisher 
Garten I found two Wych Elms and an Ash in a similar condiiimi. 

In England, in the course of two years, I noticed the fruit-bodies 
in the suburbs of Birmingham twice uiion the Wych Iflin, once upon 
the Beech, once upon the Sycamore, ami once al the Botanical Gardens 
on Pirns veslita. I have also found the fungus al Sutton Colilfiehl, 
Havant, Banbury, Oxford, and on the Elms al the Backs at Caiiibrulge, 
.\ number of specimens have been brought to me from various pi, tees 
by friends. During the summer of 1905 1 watched the development of 
five sets of fruit-bodies on logs in the Experimental Greenhouse of the 
Birmingham University. T here wish to ex-prcss my thanks to Pro- 
fessor Hillhouse for kindly placing the resources of the Grcenlimisc al 
my disposal, 

Polyporns sqnaniosns, to the best of my knowledge, has never 
been recorded upon any of the Coni ferae. Otherwise it is not ver)' 
partiriilar in choice of its host, for various authors record it upon the 
following trees: Acer pscudoplattinns^ ,'l. plalanoiiles, . 1 . ncynudo, 
. 1 . dasyciirpitm ; Pirns t uinmi/nis, P. iincnpnrnt, P. srs/i/n ; Qnrrcns; 
I'hiins; Coryins; /nghtns reginj Tilin ; Snlix ; Prnxmns ; Btinln and 
Aesadns. 

From my own experience, and from the accounts of others com- 
municated to me, I estimate the numbers of trees in Europe at the 
present moment infected with P. squitmosns as I'leing not less than 
scteral hundred thousands. The damage wrought to standing timber 
is, in the aggregate, not inconsiderable, as may be gathered from the 
following instance. A forester in charge of the Englisher Garten at 
Munich informed me that a fine old Wych Elm, some 3 ft. Oin. in 
diameter near the base, which was growing there, was, if sound, worth 
400 marks for its limber. The tree, however, was badly attacked hr- 
Polyporns sqnamosns, huge brackets ])rojecting from the trunk in 
several places. As the tree was dying it was cut down. The bole was 
found within to be very rotten, so that its wood was only rendered 
fit for firewood. 

The fruit-bodies of Polyporns sqnnmosns are the largest among 


^ Saccaidu, Sylloge Fungorum, Bd. vi, p. loo. 
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British fungi. Although I have found specimens less than four inches 
across, yet such as are one fool in diameter are frequent. I obtained 



B. — Fniit-body of Polyporus squamoiHS nearly full-grown; upper surface 
covered with brown scales. The full length of the stipe is photographed. 
' nat. size. 


one, not fully developed, fifteen inches across, the fop being nearly 
circular (Figs. B and C). During the summer of 1905 I gathered a per- 



Fig, C. — Under surface of fruit-body of Po’yporus fqitamosui nearly full-grown, 
fehowing the pores of the hyraenial tubes and the reticulalions on ihe 
stipe. The fruit-body was photographed immediately after it was cut ; 
the curling over of the edge of the pileus is f]aile natural, -i iiat, size. 

bodies arc also remarkable for their rapid rate of growth. If the 
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feet specimen, two feet, two inches across, and liaving a pcrinicler of 
six feet three inches. It weighed approxiinntely 6.\- lbs. The fruit- 
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weather is warm brackets 6-io inches in diameter may complete the r 
development in about a fortnight. At Munich, in the month of August 
1 observed five fruit-bodies reach their full extension in about ten da\s 
About the same length of time was also required by specimens grown 
in the Experimental Greenhouse 

Greville ‘ says : “ My esteemed friend, Dr. Hooker, relates an 
instance given him by Mr. Ilopkirk of one which measured /ft. 5in m 
( irrumference, and weighed, after having been cut four days, 54 lb> 
avoirdupois. It was only four weeks attaining the above size, gainiii" 
thus an acquisition of above I lb. 3 oz. in the day.” I cannot liel|' 
lieing sceptical with regard to these figures, which after all are given 
at third hand. As already staled, the fruit-body which I found last 
stiminer was Cft, 3in. in circumference, and weighed 6.', lbs., whilst Mr, 
Ilopkirk's spcdincn, which was a little larger, 7ft. 5in. in circumfer- 
ence, is said lo have weighed 34 Ihs. The size of the fruit-body nun 
have been correctly given, but if so it seems to me only reasonable to 
suppose that the weight has been magnified about four-fold. Mr. 
Hrqikirk’s lungus seems to have grown most rapidly as the accouiil 
ol it was passed on from one observer to another. 

The fruit-bodies are annual. They are produced from May till 
September. In the Midlands of England they are especially abundant 
in July. If decelopiiig in warm sunny weather insects soon find them 
out, causing them to become infested with larvae often before reaching 
maturity. Fruit-bodies may thus become putrescent and fall within 
a few days or weeks after being fully formed. This is parlicularlv 
the rase with large fleshy forms. As soon as they are fully extended 
the fall of spores from the hymenial tubes begins. The spore-fall 
\\'as found in the rase of specimens grown in the Greenhouse to last 
from iibout five days to a fortnight, according fo the size of the fruit- 
bodies and the conditions of their development. After the spore fall 
llic fruit-bodies die almost immediately. Sometimes the dead fruit- 
bodies hang on the tree throughout the winter, and occasionally for 
r ears. This is more especially true for the smaller fruit-bodies pro- 
duced late in the year. .Slugs are fond of ihe young fruit bodies, 
and often diiinagc them considerably. 

At first the fruit-bodies are soft and juicy, and in this state are 
good lo eat, although even then they are somewhat leather}-, 'flic 
flavour is distinctly pleasant, but in my opinion not equal lo that of 
llic ilushroom, Agnriais osireatus, or of Copnnus comatiis. UiKiii 
getting older and dryer they gradually become very tough. To such 
an extent is this the case that dried pieces of the fungus har'e a surface 
like lliat of the finest leather, and in some districts are used as razor- 


Greville, Cryptogamic Flora, vol. iv, p. 207. 
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strops. On this account the fungus has been called m Germanv the 
' nerrenscliwamjii.” The smell of a fresh fruit body is not implcasaiil. 
Dried sjrecimens, however, usually have a strouj^r and ilisaj^rrecalilc 
odour. 

The excretion of water from the hviiicuial surface which is char- 
acteristic of certain Polyporci, notably Mfrnlhis liicrmiiiiis and /’c/r 
porns dryadeus, also lakes place in the case of Polvporus iituitmoais. 
1 observed on two different mornings a large number of drops of water 
hanging from tlie mouths of the hymenial lubes of some young fruit- 
liodics growing near the ground on I’yrus vestita, and coiil'inned these 
observations on specimens at Cambridge (I’l. IX, tig. 4;, g\ In the 
hiborator)' drops only appeared when the air was verv moist, 

Poiyponts Si/»ii»iosiis is usually a wound-parasite. Its spores 
in all probability germinate upon the wound surfaces of broken 
branches, the mycelium thus making its way directly into the wood, 
riicrc is no evidenoe to show that an uniniured tree can become infected. 
The bark appears to resist penetration by any germ-lubes from without. 
So far as my experience has gone fruit-bodies of the fimgiis arc always 
to be found actually upon or near obvious wound-surfaces where tlic 
wood has been laid bare, so that germ- tubes could have made an 
entrance directly into it (Fig. ;\). As trees get older tlicy become more 
and more liable to have wood surf.ices exposed owing to <1, image by 
wind, snow, lightning and frost, etc. The older trees become, therefore, 
the more likely they arc to be infected by wood-destroying fungi. 

In parks and gardens, for various reasons, large liranrlies arc fre- 
quently cut from Horse Chestnut trees, .Sycamores, Ikx’chcs, etc., and 
thus admirable wound surfaces prepared, by which Polyponis sqim- 
tnosns (or any other wood-destro)ing fungi) may make its way into the 
Irunk. In many of the cases that I have observed infection has almost 
certainly taken place in this way, fruit-bodies having subsequently 
appeared on the wound surfaces. When branches arc sawn off \ aluable 
ornamental trees, the exposed surfaces left ought to lie at unre i rcu 
soted or treated with some other antiseptic to [ircvcnl the gerniination 
of spores. If tliis is not done there is alwajs great risk tliat wood- 
destroying fungi will enter the trees and grarlually cause their decay 
or death. 

When the mycelium of Polyporiis squamusus has entered a large 
branrh, guided by the cells, it makes its way gradually to the centre 
of the tree-trunk (PI. V, fig. /), and then spreads upwards and dow n- 
wards m it, causing it to rot from within outwards. The fungus 
spreads very gradually to the periphery, thus reducing every year the 
amount of sound wood. The conduction of water iqi the stem appears 
to be slowl)' interfered with. At any rate one notices a gradual dying 
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away of the branches of an infected tree. Finally the whole tree may 
succumb. 

When a tree has been killed by Polyporus squamosus the fungus 
can still continue its annual production of fruit-bodies. This I 
observed in the case of Pyrui vestita. The fungus can then be regarded 
as a saprophyte. When such a dead or half-dead tree is cut down 
fruit-bodies of the fungus may be produced on the stump. I have 
observed them on a number of such stumps, and also on a flag-post 
near the ground. The infection probably took place when the trees 
concerned were living. There seems, however, no reason U'hy, under 
favourable conditions, dead wood should not be infected by means 
of spores and the fungus propagate itself as a pure saprophyte. As 
a rule, among the tree-destroying fungi there is, as in the case of Poly- 
porus squamosus, no hard and fast line between parasitism and sapro- 
phytism. 


T'Hi: .Sl'ORES ,tNl) THEIR CEKMl.N.mo.N, 

The spores (PI. \T, fig. 8) arc unicellular, elliptical and colourless. 
They measure 12-14/1 long and 5 O/i broad. The protoplasm, which 
can be seen through the spore -wall, usually conlains a distinct vacuole 
near the centre. 

The spores are very numerous. Their number was calculated in 
the following manner. A fresh friiit-liody, which had just reached 
maturity, was removed from a tree and itlaced with pores riowmvard.s 
upon a piece of smooth brown paper. Upon this the spores gradu- 
ally fell down from the hyinenial tubes, forming small white heaps 
PL V, fig, 1). A square centimetre of the paper, on which were 26 heaps 
of spores, deposited from as many tubes, was then carefully cut out 
and stirred up with 25 cc. of water. In this the spores became distri- 
bnled. With the aid of a T.eitz-Wctzler counting ap|iaratus the num- 
ber of spores which had been deposited on the square centimetre of 
paper was determined, as an average of five trials, to be 44,450.000. 
On the aieragc, then, each of the 2O tubes bad produced 1,700,000 
spores. 

As a -control to the above calculation 1 determined the number 
of spores deposited from a single tube of the fruit-body. It was quite 
easy to cut out a piece of paper bearing a heap of spores of the same 
size as before. This was then stirred up with 5 cc. of water. z\s a 
result of five readings with the counting apparatus the number of 
spores was found to be 1,770,000, which is unexpectedly near the figure 
indirectly obtained in the previous calculation. Since the whole fruit- 
body was some 250 sq, cm. in area the total number of spores pro- 
duced by it would be about the magnitude of 11,112,500,000. The 
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fruit-body in question, however, was only one of a group of about ten 
upon the same tree. The number of spores produced liy a single fungus 
from a single tree in the course of a year may, therefore, he some fifty 
times the population of the globe. 

The spores fall in such vast numbers that it is not surprising that 
one may watch their fall with the naked eye. A fruit-body some ten 
inches across was grown on a log in the Experimental Greenhouse, 
where the air was very quiet. Ehider these conditions clouds of sjiores, 
resembling steam, or the finest white smoke, were observed falling con- 
limionsly for thirteen days. The wreaths and curls of spores drifted 
slowly away from the fniit-hodies and became lost at a distance of 
about two yards. I could distinctly sec wreaths of spores on a hhu k 
background from a distance of thirty feet. The allernalioii of day and 
night appeared to have no effect on the spore-fall. Eriiil bodies kept 
in the dark lilierated clouds of spores continuonsly for several 
daj’S. ^Vhell the log on which the large fruit liody was growing was 
taken from the dry atmosphere of the Experimental (irceiihouse, and 
placed ill the saturated atmosphere of the H yntenophyUnDt house the 
spores continued to fall without interruption. The amnmil of moisture 
in the air does not, therefore, appear to effect the spore-fall. 

Germination of the spores takes place readily in a suitable medium. 
Experiments were made with hanging-drop cultures at the temiicrature 
of the laboratory, about 18" (.'. In each case the glass ring employed 
for making the culture cell was about half filled with the solution used 
for the hanging-drop. 

The spores would not germinate at all in any of the following 
solutions : distilled water ; tap water ; grape-sugar, 20%, 2%, 0,2";', : 
cane-sugar, 34%, 3.4';;',, 0,34%; maltose, t ; Potassium phosphate, 
1%, 0,1%, o.oi';', ; water containing 0.5% ether or 0,5% alcohol. 

Decoctions were made from the wood of Aesadus hippo castammy 
(ilmus montana and Acer pseiidoplitUmux by boiling chips in water 
for half an hour. The spores would not germinate in hanging-drops 
of these solutions. Upon repeating this series of experiments similar 
negatu'c results were obtained with decoctions from the first two kinds 
of wood. In the case of Acer there was no germination during the 
first two da)s. On the third day about 1 of the spores was seen 
to have germinated. In this culture, however, bacteria had develojied 
m large luiinbers. The impression given me by this exceptional case 
was that the metabolism of the bacteria had given rise to some sub- 
stance which to a slight extent had stimulated the spores to germinate. 
The germ tubes grew slowly for some days (PI. VI, fig. 9). 

Hanging-drops were then made with tap water in which chips of 
wood of the three above mentioned trees were placed. The spores were 
mixed with the chips, and could be seen to be well placed among 
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the wood cells. In the cases of Aesadiis and Vlmus no germination 
took place. With Acer, after two days, two spores, not in contart 
with the wood cells, out of some thousands put out short germ-tulaes 
No further germination occurred. It seems, therefore, that mere con- 
tart with wood cells does not provide the stimulus for germination. 

Some branches of Sycamore and Horse Chestnut, about two inclic-i 
across, were sawn off, and pieces of them, six inches long, were placed 
upright in a senes of small damp-chambers, so that one end of eai li 
piece was in water. The upper ends were thickly strewn with fresh 
snores of the fungus and moistened with drops of water, bj- whirl] 
nicans the spores were spread fairly evenly over the wound-surfaces. 
After about 48 hours, upon examination of surface-sections of the 
wood, a very few spores (about 50 out of many thousands) were found 
to have put out short germ tubes. Infection of the wood liy the tiilies 
could not, however, be observed. Subsequently it was found that the 
number of spores undergoing germination had not increased, although 
in some cases, even at the end of tS days, the spores on the wounds 
appeared to be turgid and living. A number of the spores, however, 
had collapsed, and were obviouslv dead. The mycelium of the fungus 
could not be found in the wood-cells. The almost total failure in 
germination, and the unsuccessful infection of the wood by such genn- 
liibes as were iiroduced, seems to me to have been due to want of suit- 
able conditions of nutrition on the wound surfaces. Possibly in nature 
other organisms serve to prepare the wounds for infection bj- the 
fungus. 

The length of time required under natural conditions for any of 
the big tree fungi In pass from the spore to the fruit-body stage is at 
present unknown. With the object of solving this problem I started 
some further cxpcrinienls last July. In some private grounds at Bir- 
mingham six large and sound trees of the following species uere 
chosen: Sccamore (.■!(:(■•? pseudo flalanus). Beech vylvnlicd), ,\sh 

{I'Toxtnus excelsior). Elm (Uliiit/s iiioiitomt), Time {Tilia europaeo'', 
anrl ITorsc Chestnut {Aeseuhis liippociishiiuini). .Six suitable wounds 
were made in each tree by sawing off large branches, etc., and the 
wound-surfaces were carefully strewn with millions of some freslib 
fallen spores. The surfaces were then moistened with drops of water, 
1 have ho|)es that these experiments, made on a large scale upon living 
trees growing under natural conditions, may be more successful than 
those made in the laboratory, and result in successful infedion. It 
is, of course, too early yet to state whether infection of the trees has 
taken place. If, however, fruit-bodies of the fungus sliould appear 
on any of the trees in the next few years, due record of the facts will 
be made. 

It was found that germination would take place in various solu- 
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linns roiitamin" nilrofjcnous snbslanrcs, namely, In malt wiat exlnu l, 
with (ir without gelatine, in a meal-extrait peptone sugar gt-latine snlii 
tion. In peptone, asparagin, and to some extent in nrdinavA gelatine. 

The malt-wort extract was made by grinding up one part of 
malt to five of water, mashing at (i(i’(', filtering, then boilmg and 
refiltering. The clear solution was then slighllv arid. Germination 
took ]ilace in It with great certainty, nearly all the spores p'iitling out 
germ-tubes. At ifk C. the prorcss began iti to go liours after the spores 
had Ijccn placed in the hanging rlrnps. 

Malt-wort extract solidified with ni",. gelatine provcrl a snilable 
medium for making pure cidliircs. Its aia'ditv is unfavour.ilile to bac- 
teria. A fresh fruit-body was |)Iaccd upon sterili/ed lirnwii jiaper. 
The spore heaps were thus obtained ]ir.uti(all\’ free frrmi baeleria. 
From the spores plate and tube eullurcs were made (I’l. tigs, e A 
in the ordinary way. Growth was rather slow, the slanting gelatine 
in the tubes becoming covered with a felt of white mx'cclium in about 
six weeks. The niyceliinn was still dc\clo|iutg at Ihc end of six months. 
The gelatine gradnall)' liqnilicd. 

The germination of spores in lianging-drops of mall-worl gelatine 
was carefully watched. The glass cells, :in inch wide, the water cover- 
ing their bases and the inalt-worl-gelalinc were lliorouglilv sterilized 
in the usual uuniner, and Fretidcnreiehcr llasks used in making Ihc 
drops eonttiining Ihc sirores. In this way pure i idlures, free from 
moulds and liacteria, were ohlaincd. The (lrci|.is were 0.5 to i iin, 
across, ami contained a very few well-si atterrd spores. Ifarly stages 
of germination are illustrated in 1 * 1 . \T, fig, ui, g. After ahout twelve 
days the young pilanls had licetmic tiboiil 2 nnii. wide. In siiiiie of the 
idants growth in length then ceased, and the hyphac in the course of 
a few days became entirely divided np into what may be called oiditil 
cells (Fig. 10, /;). The oidial cells were formed by the eoiitrai lion of the 
]jrutoplasni in each hy|)ha into short cylindrical or oval masses ' (Fig. 
to, /, /, /’). loach mass of protc.ijdasin after caintractioii lormed two thin 
end walls. Falck (/nr. cz/.) has shown that the formation of oldia 
rejircsents a definite stage in the lifc-histurv of a iiuiiibcr ol Ilymcno- 
mycetes, and that fruit-hodics can he raised from a single oidiiiiii. I he 
Oc'cairi'circe of oidial cells in Volvpurns si/ihtiiiosns, therefore, is not 
surprising. The oidial colls appeared to have no tendenc y to gcrini 
nate in the original drops. Some of them were removed to new drops 
of malt wort-gclalinc. Under these circmiislanecs they gcrminiilcd 
(tig. to, /, m, n) within 48 hours, and at the curl of a fortnight the 
young plants had become inneh branched and appearerf to he vigorous, 

I Similar incomplets breaking up of the mycelium is figured by lirefelcl for Crucwu!u}i: 
vulgin. Unterauchungen, Heft HI. Taf. viii, fig. 4. 
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Whether the oidial cell stage is indispensable in the life-lnsti :rv 
of the fungus appears to me to be doubtful. As already mentioned 
pure rulturcs from one or more spores continued to grow in tubes fi:r 
several months. Again, some of the hyphae in a few of the hangiim, 
drop cultures aimcarcd to continue growing in length indefinite!)-, and 
were not observed to finally break ufi into oidial cells. 

Germination also succeeded well in a solution made with tap water 
and consisting of nient-extrarl 0.5'.'.',, |ie|)tone 0.5%, grape-sugar p, 
and gelatine lo'/,. The solution was made distinctly alkaline with 
sodium carbonate. The inyrcliuin grew in this mixture rather inure 
vigorously than in the malt-wort extract. Branching was more (re 
quent. Development from a spore in one week is shown in PI. \'|, 
fig. n. 

In <,),5';o peptone a certain number of spores germinated. Develop- 
ment with branching took place as illustrated in PI, VI, fig. i p 

A few spores also germinated in an nnneulralized solution of 
gelatine. This substance is by no means pure, so that the result is not 
surprising. 

In 0,5% asparagin about 10% or less of the spores germinated. 
The germ-tubes grew very rapidl)-, tind were remarkable in that lhr\ 
never branched. The protoiilasm crept along the germ-tube as growtii 
proceeded, so Ihnl it was all contained within a small stretch near the 
growing ])oiiit (PI. VI, fig. 16; PI. VTI, fig. i;). The contrast with the 
mnch-hranched germ-tubes in the ineal-e.xtract-peptone-sugar solutioti 
is very striking. \W have here a good example of how chemical con- 
ditions influence the manner of growth of a fungus. 

In the solutions of potassium jihospihate 1',;,, 0.1%, and o.oT.',',, as 
already mentioned, no germination whatever took place. The spores, 
however, underwent cell division as a result of the stimulus given bv 
the ]ihosphale. One, two, or three cross-walls were formed. -Some 
spores remained unicellular (PI. VII, fig, 18). In tati-waler not a single 
spore gennin.ated. The contents of the sjiores underwent, however, 111 
many cases a curious contraction (PI. VII, fig. rq). The contracted proto- 
plasin, where not in contact with the old spiore wall, surrounded itself 
by a new wall, reminding one of the formation of a new wall around 
the contracted contents of such algal cells as those of Claduphurii.' 
At the end of 14 days the spores were removed from the water ami 
placed ill a drop of iiialt-w-ort extract. After 28 hours many of the 
spores, including such in which protoplasmic contraction had taken 
|ilace, were found to have gerniiiialed (PI. VII, figs. 20 and 21). This 
experiment shows that spores can lie dormant in water for man\- dan 
and still retain ibeir powers of germination. This fact may he of 


^ See Pfeifer’s, Physiology of Plants, p. 52. 
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some biological importance. Doubtless the sjiores of I\iIvpor:is .upia- 
laoms are often blown into ilaiiip situations, such as iiuddles, wet bark, 
etc. Here there would be no stimulus to gcriniiiation. I'pon evaporation 
of the water the spores might be again carried Into the air or be other 
wise transported, with the chance of cvcntuallv reaching a suit.iblc 
place for germination. 

When s]>orcs are allowed to dry they undergo a marked change, 
large fat drops appearing m them (I’l. VII, fig. 22). Spores were c\posed 
upon paper to the dry air of (he laboratory, and then after ; and i.| 
days respectively placed in a drop of malt-wort e.vtr.u t. (Icnnination 
of a large proportion of the spores took place, including such as iios- 
sessed large flat drops (PI. \’ll, figs. .>3, 24). Many of the spores, how- 
ever, had collajised and were dead, doubtless owing to their vitality 
having been unfavourably affected b\’ clcsicration, I'lHlcr natural eon 
ditions the s|ic.ires of Polyponis .si/Kuniosus are, donhtlcss. often blown 
hither and thither by varying winds for days and weeks. It is. there- 
fore, of interest to know that .it the end of this lime, if a favourable 
situation has been fonnd, germination may still take place. 

If the orientation of the spore is siiilable it is easy to delermiiie 
the end which was imilcd to the sterigma. This enabled me to make 
sure that, so far as germination is concerned, the spores do not possess 
any polarity. Germination may take place indifferently at either end, 
or at any point on the side of a S|iorc (PI. \T, figs, ij, 13). The nuin. 
her of germ-tubes |iul out by a spore is variable, sometimes as many 
as four being produced (PI. VI, fig. 14), 

.\ noteworthy phcuornciioii during germination Is the creeping of 
llic protoplasm along the germ-tubes. In the malt-wort CNlrad, when 
many spores germinated together, the siiorc was thereby frcijucnlly 
emptied of its contents. In the rase of asparagin the protoplasm crept 
a distance of over 0.5 iinii. in about 48 hours after gcriinnation liad 
licgiiii (PL VT, fig. i(>). When protoplasm is creeping out of a sjiore 
or along a germ-liihe it forms cross walls at intervals upon its free 
surface (PI. \ I, figs, 12, 13, I.)). When such a wall has been formed 
tlie protoplasm gradually withdraws from it, creeps 011 fiirlhrr along 
the growing germ tube, and then forms a new cross-wall. In asparagin, 
111 one instance (hig. lO), fourteen suc h walls were found in succession. 
Hy carefully oliscrviiig a single rase (PI. \T, fig. 12) it was found that 
growth of the end of a gerni-Uibc took place even while the protoplasm 
was creeping along and leaving a wall. The tugidily of the cell under 
such circumstances must be very slight. 

It has already been iiienlioiied that in solutions of potassium phos- 
phate the spores, without germination, underwent cell division (PI. II, 
fig. t8). In these cases there was, of course, proto|ilasm on both sides 
of a wall during its formation. After gerniinalioii in malt-wort extract 
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the spores are often seen to have apparently similar cross-walls in 
them (PI. VT, figs. 13, 14). Here, however, the walls are formed n, ; 
liefore germination but afterwards, in succession, at the free surface i f 
the protoplasm as this creeps out of the sjiore along the germ-tubes. 

X’FXKT.tTivi-: Growth .-txn Pexetratiox ok Cell-w.\lls. 

The hyphae in the wood of Acer make their easiest and nnvi 
rapid aihaiice along the wood vessels. In these they attain their 
.greatest diameter and often produce clani|i connections (PI, VH, fi“, 
25, c and ; figs. 27, 2S). l■■ronl the structure of the cells of the wooil 
it is obvious that the path of least resistance for the mycelium is long! 
tudinal, for in that direction fewer cell-walls have to be bored throiigli 
than in any other. Thus when the mycelium has reached the centre of 
a tree-1 ruiik, vin some thick branch, it often spreads many feet upwards 
and downwards in the middle during the time rcciuirecl to travel a few 
inches in the radial direction. 

The liyphac penetrate into all the wood-cells. In making their 
way through llie walls from one cell to another the pits are not speci- 
ally used. Thus in big. 29, where .1 piece of a wall hetween two vessels 
is drawn, it will be seen that the holes made by the hyphae bear no 
relation to the iinsitioii of Iho liorderod pits. 

Ill passing through a wall a hypha, as is the case with so many 
other fungi, makes a hole nnich smaller in diameter than itself (PI. N’lll, 
lig. 2(1, j). .After penetration growth is continued with the saiiu: 
diameter as before. The holes are afterwards much enlarged by 
enzymes (PI. VIII, figs. 30, 31). 

While renecting upon the causes of the penetration of hyphae 
from cell to cell the following consideration ocnirrcd to me. Xot 
withstanding the fart that the iiiyceliuiii of a fungus is a very miicli 
branched structure, it must be looked upon as a co-ordinated whole 
in the same way as a niiirli brandicd tree. Upon gcniiiiialion of a 
spore the plant branches in such away that the hyphae radiate froiii 
the centre and avoid each other as iiiiicli as possible (PI. \'l, fig. it' 
W lien the iiiyccliiim is in wood it attempts to send out hyphae in all 
directions. The hyphae thus come in contact with cell-walls. Doubt 
less, owing to the excretion of the enzymes ' at the growing points of 
the h) phac, and possilily also 111 response to a contact stimulus," tin 
w.ills are cjuickly penetrated. The spreading of the myceliuni from 
cell to cell through a piece of wood is thus e.xplained, not as a result 
of clieiiiotropic attraction by e.xternal chemical substances in the wood- 


^Cf. Marshnil Ward, Ann. of Bot., iSSS, pp. 342-343. 

' Cf. Miyoshi, Jahrbiicherf. wiss. Bot., 1S95, vol. 28, pp. 279, 280. 
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cells, bill as a result of a niclhod of ijrowlii inlicriiij^r in the fuipnis 
itself. 

It seems probable, however, that the penclralion of a livpha 
ihrotiijh a cell-wall is not infrequently a choiiuilropic iihenoinenon. 
The best evidence of this in the ease of Polvporus sq:iaiihK<}is is to be 
ofitained bi’ a stud)' of fig. 32, Ihc h ingiliuhiiai view is as exact a 
drawing as I could make. The transverse part at the top is sihcinatic, 
and added to show the distribution of the cells. R will be noticed 
that between the vessels there arc several parallel scries of holes. 
These were made by fungus hvphae, which h.id disap|icarcd dining 
the cutting of the section or by the action of cnzvincs. I'lie explana 
tion of the parallel growth of the hvphae ap|icars to be that in tlie 
vessel .1' the food material was diminished or used up bv the invrcliuni. 
This entailed a diffusion of food material from the vessel i- to ,r. The 
iheniotropic stimulus thus arising caused the hyphac to penetrate 
through the wood fibres from .v to / along paralici lines. 

STRUCH Ht: Of THE WOOD Of ACER. 

Before dealing with Ihe destruction of the wood of Acer, an 
account of its structure in a healthy stale imist first be given. 

In a cross-section of a jnece of wood of Aci'r psciKloptaldnns one 
sees that the vessels are unifornily distributed tliionghoul a year's 
growth, and arc all apiiroxiinatcly of crpial size. Thc)' arc sniali, 
heitig oiili- just recognizable with thc naked eye, Thev often occur 
111 pairs together, although iisiialK separate troiii one another, ’llu’ 
medullary ravs arc narrow and nnmerous, not more than 0,5 iniii 
deep, and rarely cx'cccding u,i nini. wide. The lasl-fonnod aiitiinin 
wood, three or four layers of cells deep, ajipcars to the nakcil etc as 
a very clisliiicL lliiii line. I'hc general eliararlcr of the wood may be 
gathered from figs. 25, 26, ^52, and 33. 

Thc niimile aiialoniy of the wood-eclls 111, i\ lie made out from 
f.g- 25. Ihe vessels are spirally thickened. Hetween two ad]accnt 
vessels the wall Is always covered with liordcrcd [lits (bigs. 2(i, /, and 21;). 
llctwccn the scattered vessels the clcnicnfs, with thc exception of the 
medullary ravs, consist of wood fibres and parcnchynia. 'I'he fibres 
iire of two kinds, dead and living. The foinier, vvliich form the 
majority, contain water and air Inihhlcs in the auliiimi. Thc latter 
form thc late tiutuinn wood, and in (Jetoher conlaiii iiiiich slardi. I lie 
walls of tlic fibres have rows of siinplc slil-likc pits. In the autumn 
wood these are almost exclusively on thc radial sidc(l'igs. iti, c/, d, 30, 
31), reminding one of the position of the bordered juts upon thc walls 
of thc tracheides of the Coniferae. Some of thc iibrcs, cspctiall) 
among those of the autumn wood, have curious spiral corrugations 
(PI. VII, figs. 25, /, /h and /). All the fibres have comparatively thin 
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walls. The wood parenchyma is to be found around the vessels and 
connecting these with the medullary rays. All the living cells contain 
starch during the autumn and winter (Fig. 25, b. d. f, .t). 

The cell-walls are all more or less lignified. The walls of the 
vessels, of the layer of cells surrounding them, of the autumn wood and 
of the medullary rays are all highly lignified. Less lignified are the 
groups of fibres between the vessels. 

There are no tyloses in the vessels. None were to be found in anv 
part of a tree-trunk with 220 rings of growth. The vessels, however, 
become plugged up at intervals with yellowish masses of an apparentiv 
guinmaceous substance, the origin of which is not clear to me (Fie. 
25, r ; fig. 25, i and m ; fig. 32, I, /). 

Ihere is no l)c;irt-wood. The colour of the wood is nearly wdiite, 
with a yellow tinge. On exposure to the air the medullary rays turn 
brownish. 

Destri'ction of the Wood of 2\cer. 

Marrosropically a piece of wood, which has been rotted by Pnly- 
foms squamosHs, possesses a characteristic annearance. The. wood 
heroines imu li whiter, having undergone a White Rot. The mycelium 
forms locally small white irregular strands, which interlace chiefly in 
the longitudinal, radial and langeiitial divisions of the wood. The 
size and course of the strands can best be gathered from the jiholo 
graphs (PI. V, figs. 4, 5). The wood-cells replaced are chiefly the less 
lignifiecl fibres between the vessels (PI. \TII, 33, dd, c, /). The radial 
strands are parallel to the niediillary rays, and sometimes run through 
several years' rings, breaking down the autumn wood-cells (Fig. 3;, 
d. <l). Tito longitudinal strands (Fig. 33, c) are parallel to the vessels, 

'I he mycelial strands of P. squainosiis have a similar distribution 
in dicer pseudo flrtnnus, .4, phitunoides, .1. negundo and Vlmiis mote 
tiuui, so that it must be regarded as characteristic of the fungus, and 
as a means of recognizing it when fruit-bodies are not present. 

Owing to the mycelial strings running in the three directions 
mentioned, the wood tends to lieconic split u[i into irregular cubes. 
.\s a coiisciiuence it has a more or less cuboidal fracture (PI. V, fig. (b. 

During the growth of the mycelium the wood becomes very light 
in weight and much softer, at length possessing the consistency of 
cheese, so that one may push a knife-blade into it. 

The general ap|)earance of a cross-section of a piece of very lotlen 
wood is shown in the low-power drawing (Fig. 33). The most per- 
sistent groujis of elements are the more highly lignified, namely, the 
autumn wood, (he vessels with a layer of cells surrounding them, and 
the medullary rays. The cells entirely removed are the fibres between 
the vessels or jiroduccd in spring. These, as already pointed out, are 
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the less lignified elements. In the left-hand half (if the figure 33, il. d. 
is seen a mj'relial strand running radially. Although in the direction 
of the medullary rays it is not actually in one of ihciii, hut replaces 
a considerable number of fibres. At e is a longitudinal iiiccelial straiul 
ill transverse section. 

The disappearance of the less lignified fibres is shown in fig. eo 
between k and m. It will there lie seen that the secondary tliii kcning 
of the cell-walls disappear first, and very' soon afterwards the iniihllc 
lamellae. The latter arc never dissolved first, so that there is never 
any separation of the cells from one another in the iiiaiiner one linils 
as a result of the action of Triunctes rddu'if'crdd on the wood of /’/cim, 
or S/rmini frnstulosnm on that of the Oak. The lignifHation of the 
cell-walls of these elements is not pronounced, as may lie dclenniiioil 
with the phloroglucin, the analine sulphate or the clilor/iiic iodine tests, 
.As the cell-walls are disappearing they take a violet blue colour with 
( hlorziiic-iodine, which indicates that they become deligiiificd. 

The more lignified elements (the auUiiiiii wood, the medullary 
rays, and vessels with a layer of cells surrounding them) arc acted uiion 
in a different manner to tlie less lignified. They never liccomc clcligiii- 
ficd, so as to take on the cellulose reaction witli chlorzinc-iudinc, even in 
the most highly rotten wood. Owing to the great eiilargenienl of ihcir 
pits, or the gradual reduction in the thickness of their walls, they become 
slowly reduce,'!, but can still be foiiiid 111 the most rotten wood which has 
probably reached its extreme limit of cxliaustloii by the fungus (big, ed, 
fig. 3.), e, r). After treatment with Scliulze’s macerating solulion (hey 
turn blue with chlorzinc-iodme, which proves that they still contain 
cellulose. 

The enlargement of the pits in the walls of the autumn fihrcs is 
represented in figs, 30 and 31. Figure 31 gives a view of a radial sec- 
lion, and fig, 30 of a tangential section. W ith the enlargement of the 
pits their position — on the radial walls only becomes very noticeable, 
rhe pits become oval in face view, and somewhat hour-glass shaiicd 
ill section. The enhirgeiiient usually goes 011 without any diminution 
111 the thickness of the walls. Tossibly the cii/yiiies dissolving the 
ineinbranes act best in the directions parallel to the wall-surfai cs. I he 
enlargenicnt of the juts of the medullary ray cells is best seen 111 fig. 
->() from c to c\ and in fig. 25 from .r to The gradual ihiiiiiiiig of 
the walls of these cells is also shown in the same parts of the figures. 

The holes made by the hyphae in walls also become enlarged, 
doubtless by enzymes diffusing tliruugh the cells and produrcd li)' the 
fungus (Figs. 30, 31). To what an extent the eiilargenienl of (be pits 
and holes in cell-walls can lead to the destruction of a ceil is shown 
35 (I’l- Will), which represents a filire isolated by means of 
Schulze’s macerating mixture from highly rotten wood. 
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The roll ronlenls are "radually dissolved awa)', leaving; the relh 
quite eniiity. In llie healthy wood the proloiilasm forms a lining layrr 
in the medullary ray, autumn wonrl, and wood parenchymatous rclli 
When acted 14)011 by the fungus it turns reddish brown, and ap])c:irs 
to develop a resinous consistency. When isolated by menus of Schube's 
macerating mi.xture the fibres have the a))pearance shown in figs. 46-4;. 
The change in the coloiir of the protO])lasm gives rise to a red or 
brownish red zraie ill the wood. The ])rotnpiasni breaks up into jiicroo 
and disappears, lliis is well seen m the incdulhiry rays, as indiriitcii 
in fig. 35 from ,r to i', also fig. 3O, c to 

Slan h was not fnmid present in great ([nantity in any of Ihc wm il- 
rclls of the infected wood. Such that is present disappears (I'ig. 2;, 
,r-y), doubtless owing to an amylolytic enzyme e.'ccreted by the fungus, 
I was ri(,)t able to trace any erosion in the disappearing grains. 

All the older vessels, as already remarked, are blocked up at 
intervals by an apparently gmumareous siilistaiice. These tracheal 
plugs arc still ])resenl in the most highly -decayed wood (Figs, 26 tn\ 
25, »), and arc up])arcntly not acted upon b\' the enzymes of the fungus. 

The hyphac of tlie fungus are largest in vessels just entered (Fig, 
25, c). In the very rottenest wood these broad hyphae, which may be 
7-ri u thick, seem to have disappeared. In their stead one finds a great 
number of very fine hyphae (Fig. 25, t). Often these are one-fiftieth 
or less the diameter of the Iiroad hyphae (</. figs. 28 and ..pi), so tlial 
a high magnification is required to see them. Doubtless the mycelium 
here is in a condition of slarvalion. The walls of the broad hyphae 
are comparalively ihin. Many of the ntirrower hyphae are compara- 
tively thick-walleel, so llial their hnnina are much reduced (PI. IX, 
fig, 45, 4 

(.'onidia were snu'^lu for upon the niyrelium in the wood. In 
^^eneral none eoukl he found. In the wood from one tree, however, 
curious swcnin<.^^s were seen upon some of tlie li\ |)liae (hi;;‘s, .yi;, 

The swellin^^s were nval or elongated, and contained fat. They were 
found both in the vessels and where tlie mycelium had replaced group? 
of the less lignified fibres. While some of them do certainly suggest 
reproductive bodies, it is quite possible that they are onl\- involulitin 
forms of the mycelium. Perhaps, however, they most resemble the 
oidial cells already described (c/. PI. VI, fig. to, Ii and k). 

An attempt has been made in the figures 25 and 26 to summarise 
the anatomical cliangcs brought about m the sound wood by the fungus 
iiu celium. At S in each case the wood is represented as sound, while 
at R it is in the last stages of decay. The fungus 15 supposed to lie 
making its way from R to S. The chief points to be noticed are; 
(i.) The disappearance of the less lignified fibres and the general per- 
sistence of the other elements which are more highly lignified ; (ii.) the 
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enlargement of the pits; (iii.) the disappearance of the starch and 
protoplasm ; (iv.) the variation in the mycoluim ; (v.) the pcrsistencL' 
of the tracheal plugs, and (vi.) the supposed chemotrnpic phciionienon. 
Details of these figures are given in the description of the plates. 

The black layer of mycelial tissue, which is frcqiienll\’ to he found 
in or upon wood rotted by Polyporus sijtuumtsus and other I’cili poici, 
will be described in a later paper. 

Chemical Changes in ihk Wood. 

The following analyses were kindly made for ine by niy friend 
Dr. R. II. Pickard in order to throw some light upon llie manner m 
which the chemical elements in the wood become used up rclaliveh' 
to one another by the fungi concerned. The pciveiitago conipiisilii)ii 
is given in each case. The left half of the tabic enables us to Irtne 
me ash constituents, while the right half gives an accounl of the 
organic matter only, calculated free from ash. 

Pol ypotus squanwsiis. 
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In his “ Zersetr.ungsersrheiniingcii " Harlig has given a mniibcr 
of analyses of sound and decayed wood of Oak and Conifer, ir, but 
not of the fungi concerned in its destruction. In the ])rcscnl iiislaiuc 
an analysis of the fruit-body has been added. iXeverthclcss for the 
exact determination of the chemical changes brniiglit about l)\’ the 
fungi in the wood the data arc still incomplete. W'e still require to 
know the gross amount of wood substance removed from tlie trees, 
and the gross amount of fruit-bodies formed. If it were iiossible to 
separate the mycelium from the wood substance in the dei ayed wood, 
we should need to analyse them separately. We could then c.vactly 
determine what becomes of each chemical element : we could cstniialc 

R 
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the precise amount of the carbohydrates used by the fungus m respira- 
tion, and we could decide whether nitrogen escapes as a gas, or 15 
simply used by the hyphae in the formation of proteids. Both ihe 
]jartly decayed and the highly decayed wood used for the analyses here 
given contained mycelium. Notwithstanding the incompleteness of Ihc 
data the figures in the table do appear to allow us to draw certain 
conclusions which must now be discussed. 

A comparison of the figures shows that the fruit bodies of Polx- 
porus squantosns .and the sound wood both of L'lmiis moniana and 
A.cer pseudoplntiums contain about equal percentages of hydrogen 
'Ihe fruit-body, however, is markedly poorer in carbon and richer in 
oxygen and nitrogen. On the other hand the highly-decayed wood 
of both species is richer in carbon and poorer in oxygen and nitrogen 
than the sound wood. The fungus, therefore, appears to abstract from 
the wood and store in its fruit bodies relatively less carbon and more 
nitrogen and oxygen. 

The liighly-dccayed wood had a specific gravity of one-half, or 
less than that, of the sound wood. The accumulation of carbon in the 
highly-decayed wood of both s|5ecies is less than 2 per cent. It seems, 
therefore, probable that the carbohydrates, abstracted from the wood 
by the fungus, and used for respiration, are m the end used up in such 
manner that the o.xygen and hydrogen split off, combine in the pro- 
portions to form water, and most, but not ail, of the carbon is united 
with oxygen from Ihe air to form carbon dioxide. 

Ash constituents accumulate in the rotting wood, and are also 
present in larger proportions in the fruit-bodies than the sound wood. 
Since the elements in the ash cannot loe used in respiration and do not 
escape as gases, whereas the carbohydrates are so used, an accumula- 
tion of them as compared with carbon, hydrogen and oxygen is easily 
understood. 

The carbonising of the wood of .Ircr pscndoplatanus and Cliaiis 
moniana by Volyporus squamosus is only slight iii comparison with 
that brought about by Polyporus sulphureus. While in the case iin esti- 
galed by me the increase of carbon does not exceed 2 % the increase in 
the wood of the Oak under the action of Palyporux sulphurous ' is 
more than b"i. 


E.xzvmes. 

From the anatomical study of wood undergoing decay through 
the agency of Polyporus squamosus evidence was obtained that various 
enzymes are excreted by the fungus mycelium. Thus, the disappear- 
ance of starch, proteids, and cellulose suggests that the fungus pro- 

* K. Hart'g, Zcrsetzungverschcinungen des Ilolzes, p. 112. 
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tluces amylolytir, proteolx'tic and rvteolytic- enzymes. In order lo 
supplement the nnatomiral observations an enriearoiir was made to 
prove the presenre of enzN mes by direct chemical investit;ations. l-'or 
this purpose fresh young fruit-bodies were obtained as required from 
the Botanical Gardens, Birmingham, and their juice extracted and 
tested. 

In order not to make this paper inordinately long I have given 
the details of these expcninents in another paper,' and must content 
myself here with a general statement of the resnlls. My work appears 
to show that the following enzymes occur in the fruit-bodies of 
P. sifi«riiio.ii/s' : laccase, tyrosinase, iimylase, cimilsin, jirutease, lipase, 
rennetase, and “ coagulasc,” whereas negative results were obtained in 
the tests for pectase, maltase, invertase, trchalase, and cytase. How- 



I'ig. D.— View of part of the underside of a miture fruit-body of Pohforus 
squiimnm. which was 2 ft. 2in. a:ros?. The openings of the hymenial 
tubes are polygonal Mat. size. 


ever, a study of the dcstruclion of wood by the fiin<,^us affords evidence 
that the mycelium produces cytase and possibly hadromasc. Alto- 
.^^ether, then, the juice of the funj^us appears to be able to brinj;- about 
at least nine or ten different enzyme phenomena. There seems little 
doubt that the destruction of wood hy Pifl yporus sqitfuuosw^ is chiefly 
due to the enzymes it is capable of producinj^c 

Fruit-Bodies. 

Polyporus squamosus, which w'as described by .Saccardo • and 
I riesd and amongst modern authors by Masscc (in his “ British Fungus 

^ Ann. of Bol., T906, vol. xx, pp. 49-59. 

Saccardo, Syllogc Fungoriim. 

^ Fries, Hymenomyceles Europaei, 1874. 
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Flora”), has frequently been figured, Greville ‘ and Harzer = give 
coloured plates. In the “ Pflanzenfamilien ” there is a drawing by Hen- 
nings.^ Tuboeuf,' in his “Diseases of Plants,” reproduces a photo- 
graph of a group of fruit bodies upon an Elm tree. My own photo- 
graphs show the upper and under sides of a nearly full-grown fruit- 
body (Figs. B and C) and some fruit-bodies growing out from a 
wound-surface of a Wych-Elm, where a large branch had been broken 
off (fig. A). Photographs of the openings of the hymenial tubes and 
))art of a cross-section through a mature specimen are given in Fits 
D ,ind E respectively. 

Berkeley, ‘ in his description, says, “Pilous. ... If a portion 
of the hymenium be lorn off a new stratum of pores is rapidly devel- 
oped." This fact is confirmed by my own observations. I found a 



I'iU. E. — View ot part of a transverse section through ilie middle of .i mature 
fruit-boily of Pclyforns sqiuimoiHS. 'J'he bymenial lubes are directed 
downwards. Nat. size. 


fruit-borly wliirh hnrl nrridcntallv hren torn, so that a piece of the 
hymenium hiinf^ down as a flap. A new layer of hymenial tubes had 
tlcvclopccl on the pilcus where the .injury had taken place. When the 
hymenial tubes were stripped off youn^ fruit-bodies grown in the 
Icxperimental Greenhouse, new ones began to appear in the course of 
two clays. 

Berkeley also says, “ Pileus. ... In vaults and hollow trees it 

1 Greviile, Scot. Crypt. Flora, vol. iv. 

- llarzer, Die essbaren, gifngen und verdaclitigen Pilze, Dresden, 1842. 
liiiKler u. Prantl. Die. nat. Pflanzenfamilien, igoo, I, Theil, Abtbeil. i, p. 169. 

* Tuboeuf, Diseases of Plants, Fig. 275. 

* Berkeley, quoted from Massee, British Fungus Flora, vol. i, p, 234. 
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sometimes assumes tlic form of Chn-ariti, but in this case seldom pro- 
duces a pilcus," The usual length of the stiire of a fruit body grown 
in the light and not crowded by other fruit-bodies'is about ; cm. Saiie- 
heck ' watched the development of a group of eleven fruit-bodics upon 
some Elm-wood placed in a dark cellar, and observed that the stipes, 
although of the usual thickness, attained a length of 00 cm. without 
showing any signs of pilei. The stipes, some of which were forked at 
tlic ends, he describes as looking like deer-horns. While development 
was still proceeding he exposed four of the fruit bodies to direct sun- 
light, while the other seven were kept in darkness. Two of the former, 
in the course of two days, began to show signs of pilei, which were 
completed in six days. These fertile fruit bodies persisted for eight 
months. All the other fruit-bodies failed to produce any pilci, and 
soon withered. This interesting experiment shows that the length of 
the stipe and the development of the pileus is determined by light 
conditions. By a further experiment Sadebeck showed that the anionnl 
of moisture present in the atmosphere docs not appreciably affect the 
form of the fruit-bodies. During the summer of 1905 I was able 
to confirm these observations. Fruit-bodies were grown upon a leg 
in a dark room. They grew into branched deer-horn-like structures 
PI. IX, fig. 47, ;), a foot in length, without any formation of pilei. The 
lallcr, however, were formed when the fruit-bodies were cxjiosed to 
the light. 

Doubtless the developmental reaction to light, just described, is of 
biological advantage to the fungus species. Only those fruit-bodies 
which are exposed to the light will he in open |.iosilions, so that tlieir 
spores will have a chance of being dispersed by the wind. Hence it is 
advantageous that the fruit-bodies should not develop pilei in the dark, 
hut should do so immediately that, so to speak, they have groped their 
way to the light. A similar case is provided by another wood-destroy- 
ing fungus, namely, LentinuK leptdeus'^ 

The direction of the stipe is variable. It grows outwards from the 
wood substratum, as is shown where fruit-bodies develop in the dark. 
In two cases I have found it vertical when growing on horizontal sur- 
faces, although when produced on the side of a tree it is usually 
slightly inclined upwards. By placing young fruit-bodics with very 
rudimentary pilei in the dark, I have been able to convince myself by 
watching the subsequent development that the stipe is negatively geo- 
tropic until it has brought the young pileus into a horizontal position 
(<-/. PI. TX, fig. 47, a-h). 

Under natural conditions the pileus is always nearly horizontal, 


‘ Sadebeck, Bot. Centralb., 1886, Bd. xxv, p, 226. 
2 Duller, Ann. of Bot., 1905, vol. xix, pp. 427 438. 
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whilst the hymenial tubes are vertical,' By a simple experiment I have 
been able to prove that the pileiis is dia-geotropic, and the tubes posi- 
tively geotropir. Some young fruit-bodies, between three and four 
inches across, and just beginning to develop hymenial tubes, were found 
growing on a log. The log was removed to a dark room, and placed 
in such a position that the pilci projected upwards vertically. Under 
these conditions the edges of the pilcus curved toward the hymeni.il 
surface. The upper edge on Irecoming horizontal, continued to grow 
horizontally for a distance of three inches, thus giving a dia 
geotropic reaction. The vertical edges of the pilcus soon ceased lf> 
grow. It thus became evident that the stimulus of gravity strouglv 
favoured the growth of the horizontally placed portions of the pilcus. 
Hymenial tulaes, producing cloncls of spores, were developed in the 
dark on the under-side of inclined and horizontal parts of the pileiis, 
and in every ease they grew vertically downwards, thus reacting in ,a 
jiositively geotropic manner. On the vertical parts of the pileus no 
tubes were developed. It ajipcars, then, that tlic stimulus of gravity 
derides not only the direction of growth of the pileus and hymenial 
tubes, but also which jiart of the pileus shall devclopc, and where the 
tubes are to be formed. In other words gravity arts upon the fruit 
bodies both as an orienting and as a morphngenir stimulus. 

The gcolropic reactions, which aie shared by many other Poly- 
porei, enable the hymenial tubes to he developed in such a position that 
with a given diameter the maxiiuuru number of them may he prodiired 
in such a position as lobe quite protected from rain, and that the spores 
may fall out in the easiest possible manner.® 

Berkeley ® thus describes the development of the fruit-bodies: 
“ From a subglobose or turgid scaly black knob arise one or more stems, 
which are at first slightly compressed, flat, and hollowed nut above 
where they are furfuraceous ; gradually the depressed surface expands, 
but more rapidly in the direction of the light, and the hymenium is 
formed beneath the small scales of the upper part of the stem, con- 
sisting, when feebly developed, of large angular spores, becoming meiu 
reticulations towards the base.” My own observations confirm those 
of Berkeley- Successirc stages in the development of a single fruit 
body from a knob are illustrated in fig. 47 (PI. IX), a-h. whilst p repre 
seiits all early stage in the development of a group of three fruit- 

* Cf. Sachs, On the Physiology of Plants, 1887, p. 700. 

has been suggested by Massee (Ann. of Bot.. vol. iv, p. 2) that the hymenial 
surfaces of Basidiom>cetous fruit-bodies are on the under side for the purpose of protect- 
ing the spores from light. Until experimental evidence is forthcoming that the spores 
need such protection one may doubt whether the suggestion is a good one, The spores of 
the Clavarieae and of many Ascomycetes are freely exposed to suu-light under natural 
conditions. 

Berkeley, Quoted from Massee, British Fungus Flora, vol. i, p. 23.^. 
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bodies from a knob. The size and shape and distribution of tire 
Inineiiial tubes in an average full-grown fruit bod)' may best be 
obtained from figs. D, E, and 48 50. The depth of the tubes r aries 
considerably in different specimens. Though often shorter, they iiiay 
attain a length of a centimetre. 

The hymenial tubes begin to produce basidia and spores at the 
beginning of their development. The lengthening of a tube is brought 
about hy the down-growth of the hyphae of the walls at the open end. 
The older part of a tube is already complete and hearing spores while 
elongation is still proceeding. 

A portion of the hynicnimn is shown in fig. it (PI. IX). Each 
basidium bears four sterigniata and spores. There arc no er stidia. 

Details with regard to the number of spores and of their fall as 
seen niaeroscopirally, and also a staleiuent as lo the enzymes of the 
fruit-bodies have been given in earlier .sections of the paper. 



Fig. F.-- Diapratnmalical verlical section iiluslraliiii; 
the course taken by spores in falling down twohyniunial 
tubes of Polypotus squamosus. Each spore is projected 
horizontally froni the hymenium k, but quickly lakes a 
vertical course downwards in conserpicnce ol theattraction 
of gravitation, x about 4. 

The hynjeiiiuiii rovers the walls of the li\ iiieiiial tubes, so lliut il 
is dis[ioscd in vcrtirnl planes. In order to ol)scrve Iiow tlic sjitfrcs 
manage to find their way out of the fruit bodies, a transverse section, 
1-2 mm. high, was cut through the living tubes, placed on a glass slide 
and looked down upon from above with the low power of the mirrns- 
rope. Immediately the remarkable fact was observed that //n: spon’s 
'i'CTc beini^ shot outwards jrovi the hymcnuini into (he lubes. \\ ith 
the high power, after considerable patience, il was found that the four 
spores of a basidium are not shot off together, but one by one. In one 
case it was observed that three spores left a basidium within one minute. 
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The spores, then, do not fall passively from the sterigmata, but are 
projeeted horizontally from these with a considerable velocity. Thij 
horizontal velocity carries the spores o. 1-0.2 mm. away from the hymc 
Ilium before it is destroyed by the rcsistencc of the air. After the 
horizontal velocity has thus been reduced to nothing the spores fall 
vertically downwards in the still air contained in the hymenial tubes. 
This could he observed by using a horizontally-placed microscope, and 
viewing therewith suitably-made sections of living tubes placed in a 
closed glass chamber. The spores under these conditions continued 
to fall vertically downwards. Each spore fell with one end first, the 
long axis being vertical. On leaving the tubes it was found that the 
spores did not fall more than 3 mni. per second. They can, therefore, 
be readily scattered in nature by the lightest breezes. A diagram, 
which shows the paths of a ntimlier of spores in falling within the 
hymenial tubes, is given in Figure F. 

The projection of the spores into the hymenial lubes is a highl;- 
important process in their discharge. The spores arc very adhesive. 
When they fall on to paper, glass, wood, etc., they immediately stick 
to these substances, and cannot lie separated from them by the most 
vigorous shaking. Tlie basidia are disposed one above the other in 
the hymenial tubes like bricks in a wall. If the spores merely fell off 
Ihc sterigmata passively, they would fall on one another or on to llic 
basidia or paraphyses, and would immediately stick there. The spores 
are projected horizontally, so as to ]irevcnt them touching aiiv part 
of the hyiiienium in their ftdi. The tenacity with which spores cling 
to one another is illustrated by tlic fart that from a spore deposit on 
paper one ran scrape up with a knife spore-ribbons two or three mm, 
long, 

A study of the liberation of the spores, therefore, makes clear the 
importance of the hymenial tubes being negatively gentropic. If the 
walls of the tubes did not look directly downwards the spores could 
not escape. The massiveness of the flesh of a fruil-body can also be 
explained in connection with the discharge of spores. It brings with 
it rigidity, and thus secures that hail, rain, the alighting of birds and 
other mechanical accidents shall not displace the fruit-body as a whole 
and place the lubes in an obliejiic instead of a vertical position. If a 
tube became only very slightly oblique, more than half its spores would 
never emerge from it. 

Extended observation has taught me that the violent projection 
of spores from the sterigmata is not peculiar to Polyporus si/tiaiiwsio. 
but occurs generally in the Polyporci. the Agtuichii, the T hdepknrctK. 
and the Trciudltucijc. 1 hope shortly to give an account of my iinesli 
gation into this matter. 

In conclusion, it may be added that an attempt lias been made to 
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procure the development of a fruit-bod}- in a pure culture. Spores 
were allowed to germinate in a hanging-drop of malt extract. A young 
plant was then transferred to a two-litre flash, in which was contained 
a litre of sterilized malt-wort extract, solidified with 10 ‘V, gelatine. 
During the last nine months the mycelium has formed a dense felt 
about one-tlhrd of an inch thick and more than six inches in diameter. 
So far, however, no signs of fruit-bodies have made their appearance. 

Winnipeg, May 4th, 1906. 


EXPLANATIONS OF PLATES V— IX. 

Illustrating Prolcssor IhillcrX pajxToii “ Polyporus squatnosus, Hud?.” 

Plate V. 

Fig. J. — White sporc-s of Polyponis stjuamosus wjiich have fallen in 
heaps from the hvnienial lube.s of a fruit-body on to a glass slide, x i. 

Fig. 2 . — Plate culture from spores. Medium made with malt-wort 
extract and 10 per cent, gelatine. 

Fig. 3. — riil)e culture ftoni spores u i(h same medium as before. 

I'ig. 4. — Wood of .leer paciuloplahnins much rolled hv Polyporu.'! 
iijuiiniosus, ns seen in tangential scetiorc The wood was wotted before 
the photograph was taken. The mycelial strands are white, x i. 

lag. 5. — Radial longitudinal .section of same, x 1. 

Fig, 6. — Piece of similar wood, showing the more or less cuboidal 
fracture, x i. 

Fig. 7. — Section from trunk of Acer pscuJopJalduus wlierc a brancli 
is givo.n off, to show how }\)}yp(>rus sqnnmosus makes its way into the 
centre of a tree. The mycelial strands can be traced down the brancli to 
the centre of the trunk, anti then upwards to .t. Tlie fungus wa.s found 
to have penetrated downwards in the middle of the trunk for about two 
inelre.s. The wood in llic regions a and c is quite sound and free from 
hvphac. X L 


l‘LATi: \ 1 . 

big. 8. — Frc.sh spore.s .seen in water. Each contains a vacuole. 

Fig. 9. — Some germ-tubes produced in a decoction of Sycamore wood 
during eleven days. There is no branching, x 350. 

Fig 10.— successive stages in the germination of a spore in a hang- 
ing drop of malt-wort extract, x 550. a, the fresh spore; b, llic spore 
after 14.5 liours; c, same after 20 hours; d, after 21 hours; c, after 23 
hour.s; /, after 25 hours; g, after 27 hours.— A, mycelium produced from a 

s 
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single spore in a han^ini;^ drop of malt-wort extract gelatine after i6 davs- 
,r, diagrammatic representation of the main mass of the plant. The laiter 
was almost spherical. The hyphae, of which only a few in the plane of tlic 
paper are shown, had already formed oidial cells, x loo. — i, j, and k 
hypliae containing oidial cells, separated by empty spaces, from a culture 
i6 days old. x 550.— /, and », oidial cells which have germinated. The 
cells were placed in a malt-wort extract three days previously, x 350. 

hig. ri. — Mycelium produced from a spore in one week in a hanging 
drop of meat-extract-peplone-grapc-sugar-gclaline. x 550. 

Fig. 13 . — Germination in malt-wort extract after 24 hours. In n a 
cross-wall has been formed during the exit of the protoplasm from the 
spore. The protoplasm has already Ix-gun to retire from the wall ; h w a> 
sketched one hour after a, and c two hours after h. The germ-Ui])i* 
elongated even during the retirement of the protoplasm from the wall, 
>= 550 ' 

Fig. 13. — Germination in mnit-wort extract after 24 lioiirs. The 
figure illustrates the formation of cross-walls and the retirement of the 
protoplasm from the sporc.s. x 550. 

Fig. 14. — Germination after three days in malt-wort gelatine. Tlio 
germ-lubes arc produced in various positions upon the spores, x 550. 

Fig. 15. — Mycelium di-veloped from a spore during 6<S hours in 0.; 
per cent, peptone. The protoplasm has (Tcpt out of the .spore forming a 
cross-wall at its free surface during its exit, x 550. 

Fig. 16. — Germ-tube from a spore, produced during 68 hours in 0.5 
per cent, asparagin. ITfteen cross-walls have been formed at the free sur- 
face of the protoplasm as it crept along the gcrm-lubc. The protoplasm 
is only present in a small stretch of the germ-tube near the growing point. 
X 550- 


Plate VTI. 

Fig. 17.— Similar germ-lube after 32 liours in 0.3 per cent, asparagin. 

F'lg. 18. — Spore.s after about a week in 0,01 per cent, or i per cenl. 
potassium phosphatf. Most of lliom liavo biH'oinc multicellular, rarli 
spore having; divided by one, two or throe cross-walls. There is a distinct 
vacuole, in each cell, x 550. 

hij;;. 19. — Spores after 14 days in la[i-water. In many the proto- 
plasmic contents have contracted, and at their free .surfaces developed 
fresh cell-walls. Sonic of the spores have divided by cross-walls, x 5,^0. 

Fig. 20. — Some of the spores just described after licing- placed in malt- 
wort gelatine for 28 hours. Gerniinalion has begun, x 550. 

F ig. 21. — Similar .spores after 48 hours in malt-wort gelatine, x 5.91. 

Fig. 22 . — Spores left exposed on paper to the dry air of a laboratory 
for 14 days, viewed in water. In many of the spores fat drops have 
appeared, x 550. 
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I'i". 23. — Spores left exposed on paper to the dry air of a laboratory 
for 7 days, and then placed for 24 hours in malt-wort extract. Cernilna- 
tion has beg-un even in the spores with large fat-drops, x 550. 

h'ig. 24. — Some spores described in description of lig. 22, after 32 
hours in malt-wort gelatine, (lermlnation has begun, x ^50. 

Fig- 25.— Generalised radial-longitudinal section enrresponding to 
cross section described in fig. 26. The niyceliiini is supposed to be making 
its way from R, where the wood is in the most rotten state, to 5 , where it is 
still sound; u t* and // arc the autumw wood cells of two successive yearly 
rings. 

The most obvious effect of the niyceliuni upon the wood is seen 
to be the destruction of the less llgnified fibres. In h and { the 
secondary thickening has begun to be acted upon. In ui, n. n, and p the 
secondary thickening has almost disappeared, ami the middle lamellae are 
in process of solution. In the region / the fibres have ilisappoarcd, leaving 
a space partly filled with hvphac. The medullary ray cells .v to z, the 
autumn wood cells h, v, and the vessel r. with its surrounding cells q and 
a, i.e., the highly lignified elements, are seen to be more persistent. 

The enlargement of the pits of the medullary ray cells may be traced 
from -v to z. 'I'be ordinary appearance of the pit.s on the walls of fibres is 
shown in a, a. Their position is usually on the radial walls. Icnlarged 
pits which appear oval arc seen in q, s, n, and v. 

Holes made by hvphac through cell-walls arc shown in the vessel k, 
where it will be seen they have no relation to the pits, and also in /, h, 1 , ft, 
and 0, upon radial walls, while the holes on the tangential walls in the cells 
u and have I)een made in a similar manner. 

The browning and disappearance of the protoplasm, and also the dis- 
appearance of starch grains can be traced in the medullary ray from .v to y, 
and in the wood parenchyma and autumn wood cells from h to g. 

The largest hyphac arc to be seen in the freshly entered vessel r, the 
branched one having clamped connections. In the vessel h the byphae 
arc more numerous, the larger ones also with clamp-ronm'ctions. In the 
most highly rotten wood, q to 'liv the hyphac are. much smaller. The 
growth of two hyphac from the vessel k to the vessel c in straight lines 
perpendicular to the longitudinal axis of the fibres, is probably to be con- 
sidered a chemotropic phenomenon. 

In the vessel r a tracheal plug near the top is represented as persisting. 
In the same vessel arc represented some curious swellings upon certain 
hvpbae, which may possibly be oidia. x about 420. 

Fig. 26. — See PI. viii. 

Fig, 27. — Hyphac of Polyporus squnniosns with rlamp-cnnncctlons 
in a vessel. 

Fig. 28. — .Similar hyphac with curious ccll-connoetions. 

Fig. 29. — Piece of partition wall belwcen two adjacent vessels covered 
with bordered pits; h, h, holes made by hyphac. 
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Plate VIII, 

Fi". 26. — Generalised transverse section to show the effect of the 
mycelium of i^olyporns .squamosiis upon the woikI of Acer pxcuilopidtauu.’!. 
'I'ho mycelium is supposed to be making its way from R, where the wihhI 
is in ihe ino.sl rotten slate, to .S', where it is still sound; e-c and d-d. are 
the autumn wood layers of two successive yearly rings. The \cssels arc 
scatlercd In the spring and .summer wood ; a, b, and c are medullary ravs. 

The mo.st obvious effect of the mycelium upon the wood as shown in ihc 
figure, is the destruction of the le.ss lignified fibres in the regions 0, p. (/, 
Y, and whilst the medullary ray cells, the autumn wood cells, c-e, and tho 
vessels m and «, with the highly lignified layer of cells around them, have 
h(?cn more persistent. 

The removal of the secondary thickenings, and later of the nii(!(l]<’ 
lamellae of the less- lignified fibre.s, is roprc.scntcd near 0 and p. 

The enlargement of the pits in the rncduilary ray cells will ho seen 
by tracing down the cells from c to r’, and .similarly for the medullary rays 
a and h. 'I'lic enlargement of the pits, which arc tangential, and of tho 
fungus holes, which arc often radial, can be seen in the autumn wood cell.-i, 
and is reprc.scnted between c and c. A similar enlargement of pits is .seen 
in the highly lignified cells around the vessels lu and v. 

'(’he darkening and disappearance of the protoplasm in the medullary 
ray cells under the action of the enzymes of the mycelium can be traced 
from c to h. The protoplasm in the autumn wood cells d-d, has also become 
brown in colour, and is seen to be injecting the tangential pits in the cell- 
walls. A darkening of the protoplasm in the parenchymaiou.s cells around 
the vessels i and j is also to bo noted. 

'rrachenl plug.s of apparently gummacoous eonsislencv arc shown in 
the vessels at i. In the vessel in the lughly decayed wood, n tracherd 
plug is still .seen persisting. 

The hyphac of the mycelium arc seen to reach their greatest riiameier 
in the newly Infected vessels i and j. whereas in the highly decayed wood, 
0 to .-f. the hyphac are much thinner. Clamp-connections arc to be seen 
upon hyphac in ves.sels j, h, and m. 

'I'hc penetration of hyphae from one. vessel to another, apparently in 
response to a chemotropic stimulus, is shown betw'een vessels I and a 
between 1 and k, and between h and /. x about 420. 

Fig.’ 40.— Tangential section tlirough rotten wood of leer psemh'- 
pliitauus in the region of the autumn wood. The cells at a, a, are supposed 
to be more lignified, while at h, b. they are le.ss lignified. The enlarged 
pits p, p, are seen on the radial walls in cross section. They are more or 
less hour-glass shaped. //, h, holes made by hyphae. 

Fig. 31. — Radial-longitudinal section through the same wood. The 
cells at (T, a, are supposed to he more lignified and less acted upon than those 
at h, h. The enlarged pits/, p on the radial tvalls. //, A, h, are holes made 
by a hypha and then enlarged. The destruction of the less lignified elements 
is represented at h, b. 
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Fig. 32. — Radial-longitudinal section through ivood of pintde- 
pjaianiis drawn as seen in a section. The cross-sectional view at the lop of 
the figure is schematic and added to show distribution of the elements. 
.1' and y are two vessels. Between them are several parallel rows of holes 
//. h, through the intervening fibres. The hyphae which caused them are 
not shown. They had disappeared except at /, p. The hyphae are supposed 
to have grown from .v to j owing to a cheniotropic stimulus proceeding 
from the latter vessel, t, t tracheal plugs. The vessel v has spiral thicken- 
ings. It is divided from an adjacent vessel .r' by a wall covered with 
bordered pits. At the back of vessel y are two rows of wood parencliy- 
matous cells with pits or their walls, a, a, a holes made by fungus hypliae. 
X 250. 

p'ig, 33. — Cross-section through a very rotten piece of wood of Acey 
psfuiioplatiiiius rotted by Polyportis squamosus. f,f wdiere the loss lignilied 
elements have disappeared, r-r, l>-h, n-n, the autumn wood of three suc- 
cessive yearly rings, r/ rf a radial mycelial strand, e a longitudinal strand 
in cross-section, x 25. 

Fig. 3+.— A piece of very rotten wood in more detail, a a and h h 
autumn wood of successive yearly rings. The less lignified elements have 
been destroyed. The medullary rays, the autumn wood and the vessels with 
a layer of cells around them have persisted, x about 90. 

Fig, 35.— Fibre from wood of Acer pseudoplatanm highly rotted by 
Polyporus sqnaviosns and isolated by means of Schulze’s jnaceralion 
ini.xture. The pits and fungus-holes in the wall have been much enlarged 
by enzymes, x 300. 

Fig. 36.— Similar fibre. The brown contents c appear to have a 
resinous consistency and contain air-bubbles h. x 300. 

Figs. 37 and 38. — Contents of other fibres after treatment in the same 
manner as before, x 300. 


Plate IX. 

Figf. 39, 40, 41, 42 and 43. — Similar fibres also isolated with Schulze’s 
maceration mixture, p pits, h fungiis-lioles. x 300. 

T^ig. 44. — Hyphae in a vessel in very rotten wood. The mycelium 
IS probably in a condition of starvation, x 325. 

Fig. 45.— The possible reproductive bodies on the hyphae of P. squmno^ns 
in rotten wood of Acer pscmloplaia7ius, a a thick-walled hypha, b a thin- 
walled hypha with clamp-connections, x 325. 

Fig. .^6. — Similar sw'ellings to those just described. X 325. 

Fig. 47. — The development of the fruit-bodies of P. sqiiaiuosus. a, h, c 
and d, sections through young fruil-bodics in successive stages of develop- 
ment showing origin of the pileus and the stipe. The stipe gradually turns 
upwards, so as to bring the pileus into a horizontal position, e and /side 
and front views of the fruit-body b ; g, side view of the fruit-body c ; h side 
view of the fruit-body d. w, w water drops excreted at the junction of the 
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stipe and the yoiin" pileus. />, pileus ; s, stipe. All natural size, i t^roup 
(jf the three young fruit-bodies arising from a single knob seen from above. 
The pile! liave already become horizontal. X J. j, fruit-body grown on a 
log for three weeks in a dark room in the Experimental Greenhouse. It is 
a branched stag-horn-like structure without any signs of pilei. X 
Fig. 48.— Cross-section of a fruit-body. X i. 

1.4^, 49.— Pores on underside of a fully developed fruit-body. Nat. 

size. 

14^r, jo.—Piccc from the middle of a large fruit-body. Nat-size. 

Ki^r. ji.—FIymenial layer of fruit-body showing basidiawith sterignuua 
and spores. X 360. 
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REVIEWS AND CURRENT LITERATURE. 

I. — C'lKNEHAL Sl I{JI-XT. 

:Guenther, Conrad. — Darwinism and the Tniblcms of l.ifo. ,\ Siiiilv ol 
Tamiliar Animal Life. T'rans. from llic ad ml. I,y J.ro'ph .Mil’alin. 
I’p- 4 .Vi. London: .\. Owen and Co., i()oo. 

The purpose of this work is (o lay before Ibe nnn-znolo-ical sliideni 
Ihe e\idenee for Darwinism and Ibe acinal eondilion of tiusal. s of life. 
So far as the pbilo.sophical side is eoncerned llie translation is inosi n :id- 
ablo, but tbe zoolofjical portion simply bristles with slalemenls untiusl- 
wortby, misleading, or directly contradictory. 

I'.ven tbe .tfencral retider pttssessino n,) speei;!l knowledge t>f /ooloj^y 
will surely doubt sncb statements as, in birds, '• Ibe crop supplies (be 
place of teeth" (p. toe), or the power of lishes "to |nne1rale into ilie 
depths of tbe sea. and remain there without any eserlion of the inusrlcs " 
(p. ijo); that " Iroos have only one chamber to Ihe hi'arl " (p. lyy). The 
chapter on Tracheates ;ibound,s in similar i>r worse hhnnivrs. On p. iS; 
we arc informed that " there is not a very cfieal differcn.'c in Inibils bclwei n 
larva and imapfo," in moths, and aifain on the same paoe " the larva docs 
not differ so ninch from tbe imaffo"; on p. i.Sij “a (Ivino insect cannol 
have iiroteclive colouring because of the conslant change of the animal's 
backf’Tound and " nocturnal hmierilies (or inoihsl " 

Other chapters contain like statements, and we c.an only iv^ict that 
tbe itid of some zooioryist was not tecjuisitiotied whilst Ihe papes wcie 
passing- through tbe prc.ss. 

W. It. C. 

Heape, Walter. — The Hrecding Itiduslry ; Its \':ilite to the Countrv, atnl 
its Needs. Pp. xii + 154 Ctitnbridgc : T'he Lniversity Press, 
1 906. 

Ihi.s is an instructive and interesting little book, hut it bears signs of 
having been hurriedly written. T'he author desires to draw closer logctlii r 
the practical ftreeder tind (be scientilic' biologist, being convinced that the 
former will gain inesliniiible tidvanitage Irotn (lie tight niiplle.-ition of 
science to bis inditstrv. 

After reviewing-- llir hrcctlinj^- infliislrv it^ il.s iijativ asiHH ls and con- 
si(lcrinj,,>- the enormous wealth invested in it, the author pnK'eed.s to iiKiic.ilc 
the nature of the work required for the a<K aiieeinent of this induslJ\. 

Meape is in favour oi llu* I’slablislimenl ol a (iovernimad l)i paitinenl 
:if Animal Induslrv. After dcserihin^ the divi.sious and work of llie same, 
the author passes to a consideration ol tlu' Hoard of .V^ritadture and the 
Dreedinf? industry, and gives expression to some very trenchant remarks 
.'oncerning" it, concluding^ that “ it is ceitaitily ineonipctent to sup]dv 
present-day needs,” that at present it ” stolidly blocks tlic plainly dciiiud 


[JouRN. Econ, Biol , 1906, vol. i, No. 3.] 
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mad (if [)r{t^rc.''S,” and “ must fj(; reorganised on a broad scicntiilc basis ” 
if such obstruction is to be removed. 

It is a bool-: well worth reading, and deserves the special and careful 
niteiuion of all interested in the breeding and rearing of stock. 

W. E. C. 

Looss, A- -The Anatomy and Life History of Agchylostouia dundemU, 
Dub. ib. I. Kcc. ifgypl. Dov. Sch. of Med,, 1905, vol iii, pp. i^fj. 
pits. i-x. 

Prof. Looss has issued the first part of his Monograph on Anhylostom.i, 
treating ol tlie anatoniv of the adult worm; a second part will deal with 
the free-living larva and with the two channels by which It enters tlic 
human organism; while, finally, in a third, the transformation of llic lar\;i 
Into the sexually mature animal will be deseribe<l ; the wluiie will 
uii(louhl(‘dly ronstilute the most complete and detailed monograph of anv 
single animal yet jmblished. 

fhe present part reviews the history from oS.vS. when discovered by 
Dubitii, the systematic position of .1. duodenaU and other genera, and 
in elal>orate detail the general and microscopical anatomy, the whole 
of which is beanlirullv illustrated. 

\V. E. C. 

1‘cKsenecr, P. .\ Treatise (ui Zoology, Mdiucl by M. Ray Lankestcr. 
I’art V. Molliisea. P|). figs, London : .A. jukI C. black, 

I (_)0(). 

f loweviT mui'h one wotild like it to l)e otlu rwise, we cannot hide the 
f.H't that Dr. (’elseneer's volume, in this ihtherlo excellent series, comes as 
a surprise and a disappointment. 

I' irslly wo :ire surprised to lind one man resp()r\sil)le For tiie. whole of 
tile work, and whilst no one will doubt the author's capacity to deal witli 
a special group, had tlie .\inphineura, ( iastropoda, and Cephalopoda hcen 
wriiten by four or live olliers, tlie work would have gained materially in 
^'alue. 

W’e are disappointed with this volume, hes'ause we fully exj)eet(Hl 
that il would be a lull, comprehensive, and up-to-date survey of the 
Molhisca. in keeping witli the. four previously issued volumes. TIic work 
before u.s we <annot regard as other than a compilation from limited 
.sources. Xumeroiis important pieces of work hnd no nientiun w hate\ cr, 
as also manv genera of special interest. 

\Miilst there are manv new and excellent ligures, there are several 
antiquated ones which might well have given place to printed mailer, par- 
ticularlv so as regards the Pulmonata. 

w. I*:, c. 

Webb. \V. M,, and Sillt;ni, C.- ’I'lie Rritish \\ Oodliee, being a Monograph 
of the Terrestrial Isopud Crustacea occurring in the brillsh Islands. 
Pp. X -g 54, pits, i-xxv, I pit. and 59 figs. London: Duckworth and 
Co., 1906. 
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la the absence of any descriptions »)r figures of our Mritish loi roslrial 
[y:(>podu, which are readily accessible, this little work will pro\ e \'ery use- 
ful to a lartfc body of naturalists. 'I'he lirilish livaliiies niis^ht witli verv 
little trouble have been ^really extended, 'llic (wemy-ltve plates are 

i-xccllent. 

W. 1'. C. 


II. — .\n.\to.\!v. PiiYsiOl.oliv. AM) l)i:vi:i.oi*MrM. 

Oriinbergi K. — bhnij^o Mitteilunwen iiber afrikanische Oestriihn. Sil/. 
(iesell. nauir. Freunde, ioo<u pp. lis^s. i-<). 

Numerous structural details of Tachinoestyus and Nmtilnrhia, luith 

f,^enera. 

Mactiillivray, A. D. — .\ Study of the Wini^s of the a 

sLipcrfaiuily of Ifynienoplcra. I'mc. I'.S. Nat. Mu"., ii)oo. v(»l. 
xxix, pp. pits. x\i-\-liv. 

To quote the author’s own words, *’ this is a study in the phvlo}^<-nv 
Ilf a ^’■roup of animals based on a study of tlu* Miodiltixalions t>f a single 
Dii^-an. It is an attempt to trace the course of tlie (dian'^es wrouohi hy 
natural selection, an effort to apply tlie princij)le> of <leseeul in laxoiioniy." 
Ferrin, w. S. Observations on the Slruelure ami 1 -ife-historv of 
Pifistopkord pefipkfuiac, Leit/- and Splcndore. fhJ.M.S., luob, 
vol, 49, pp. 615-633, pits. 37, 3fi. 

I’ictct, Arnold. Inllucm-f cK' I'.Mimciil.itinii i-t do I'lliimiiliti' .siir la 
\'ariatioii ties I’.apilloiis. Mini. .Soc. I’liys. (iencvn, iijiij, vol. 
XXXV, pp. 45-1^7, pll.'i. 1-5. 

'I'liis i.s an (•xcevdin^rly v.dti.d)lv and inlvia .^lin”' memdir dvalinf; uill) 
v.i’-ialinn in tliv pidnu'iilalion of l.vpidopk’ra. .Xinonoxt ilir ron- 

iilnilino to varialion tho aiillior (Mnnncr.alcs inli-ndu of li^lil, 1i'inp(‘i;i- 
lure, nutrition, humidity, dryness, electricity, and other meteorDlnt'iral 
pheno nena. Two opposile lypc.s of pittimailalion are recojjiiised, via., 
.liljinism, l)y wliit’h red passes inf(» yell^nv ainl whip'; .and imlanisin, lu’ 
uhicli red passes into brown, and er’en bl.aeb. 

The first p.'irl of the paper treats of the elleel of food, and the follnw- 
ino eoni'Uisions are -arrived at :- .\ eh-antpe i>f the ancestral food irltini is 
rretjuentlv a factor in variation, lorod whieh is dillietdl to diyo st or ahsorlt 
tends to proloii!; the larval period, slioricn the puptd period, ,ainl results 
in iiii insunleii-nry of piomentation. .\n insuHieienl (|iianlity of the iioiaiial 
fond produces like results. On the other liand, foorl uliich is liiyddy 
nutritive and easv of assimihtlion lessens the larval period and prolonits 
the pupal period, and restiU.s in a more intense pipnienlalion. 'I he Ix ai inp 
af these experiments on the qiieslion whether ra'quired varitdions pi\e lise 
to peintanent or temporary varieties is very intereslintr. Accordintt to 
M. I’ictet the variations increase with each oeneralion, and pvMsI to some 
(U'ltrce in the next oeneration even when broutpht tip on the noriu.il footl. 
.\ eontimiance of the abnormal food iilliniately seems to lose in t ffeel, and 
the insect reverts to the normal type ajjain. 
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lh(; second part, which is devoted to the influence of humidity, shows 
that an excess of moisture is fatal to young larvae or mostly so, but has 
no appreciahk* effect on the perfect insects surviving, apart from a reduc- 
llon in Mze. [Our own experiments with .l/jruAii.v g/'o.sxu/dr/ufd and 
l)iI<)}ilopera hideulain show a marked change in size and a decided tendenev 
towards melanism. | Older larvae are practically not affected at ah. 
beyond slight variations common otherwise. 

Th(‘ expcrimenls have extended over five years, and were made on 
lvv(‘nty-onc different species, and no far as the published account is con- 
cerned lack only fuller details as to the conditions, etc., under which tlu-v 
were made. 

W. K. C. 

Thienemann, August. — Hiologie dcr 'rrichopteren-Puppe. Inaug.-Diss. 

I’nlv. (Ireilswald. Pp. So, 'I'fn. i-^. Jena: (lustav k'ischer, 1005. 

’I'he Caddis-flies are ol exceptional interest to sludenis insects on 
ai'counl of their close relationships to the .\h>lhs, a rc'lalion.''hip probably as 
nearly ancestral as we can hope to sec among living groups of animals. 
W’e may be grateful therefore to the author of this paper for his detailed 
survey of the slriiel\jre an<l mode of life exhibited by the pupae of the.se 
inseets. For in the free " structure of the caddis-pupa, its general 
likeness to the imago, and its journey from the sub-aqueous “ house ” to 
the surface of the water that llu* lly may eim-rge into the upper air, we 
have a comliination of primitive characters that throw light on the origin 
of insec't metamorphosis. 

In this memoir, the author, after a short historical intr(Klucli(ui and 
a snimnarv of llu- pupal' morphology, proceeds l(» discuss the formation ol 
the puj)a, and its position in the case or “house." The various pupal 
organs are (hen described In detail. The anal processes and their bristles, 
as w<'ll as the bristles of the Iai)rum. and in some cases the niandiblo, 
appear to have the Interesting fimctlun of keeping the perforation.s of the 
covering of the “ Itoiise " fre<“ from particles of dirt, and thus ensuring 
a supply of pure water for l)reathing. 

Functional mandil>l('s are present in the triehopteran pupa, but are 
genorallv regarded as aijseut In the imago; nevertheless, Lucas and others 
have described vestigial mandibles in eaddls-flies of various genera. l)i. 
Thiemniann, from the examination of a long series of specimens, eou- 
I’lucles that in all fn-.shlv emerged imagos the mandibles can be detected, 
but that the\' rapidlv become sbrivelh-d so that they can be: ikj longer 
perceived. 
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Grunberg, K. -Znr Kennlnls der Culieldenfauna von Kamerun und Togo. 

Zotfl. An/., up5, Ikl. xxix, pp. 477-390, figs. i-H. 

Grunberg, K. (T)er bluisaugende Musciden. Zool. An/., 190b, Bd. xxx, 

pp- 7'‘*-93. 15 I'gs- 



KEVIEWS AND CI KKENT MTERAIl KE. 


'■U 

A very useful paper f,nvini; a synopsis of tiu- species of Clnssiud, and 
(]c‘5cription of a new i^enus 

Howard, L. 0 . House 1-liis. L'.S. Depl. of Aorie., Hm. of l-intoni., 
Cirr. No. 71, 190^. pp. 1-9, 1-9. 

Linstow, 0 . von.- Helminthes from the C'olK-eii<»i\ of tIu' C't^loinho 
Museunt. Spolia Zeylanica, 1906, vol. iii, pp. 16^-iSS. pits, i iii. 
Neumann, L> G.— Notes sur les Ixodides.-lW Aieli. I’aiasit., [c/oo, I'. 
pp. 195-2 19, 17 

DoscriplionN of fourteen new speele> fmni the Ihliish Mii.seuin eoi- 
IcdiiHt, wirli notes on other .speeies. 

Neumann, L. G. — Note sur Stflaem/iytuhus /•/•ifA^ner, Nii. lliiil.. p. 

Onuki, S. On a Crane I'ly {'rif>uhi ^iir:;iy\. Ihill. ALtri''- I'Np. Siai. 

japan, I90<\ v<»l. I, pp. 90-9.1, pit. \iii. 

Smith, J. IC Report of tlie Mos{piit(» Investlit'alion in 1005. .'oih Ann. 
Rpl. New Jersey Stale Aj^rie. I'Ap. Slat. I<>r H)('5. moti. pp. 

68e), 1-9. 

Wheler, R. (i.- -Hritisli 'ricks. j«>urn. .V^ru\ Si-i., hhX', m'I. i. i>p. joo- 
4J9, pits. v-x. 

Willey, A. Terrestrial Colulniditr of ('<ylon. Spolia Ze\laniea, ujui'. 
vol. iii, pp. 227-254. 2 li^s. 

1\’.— .\<.KU CI.II KAI. AXt) I lolM IM l.l I KAl . 

Rer^theil, C. The Study of l-'enuent.'ilion as applied to .\'.;rieulliire. 

.\iirle. Journ. of India, too**. \ol i, pp. 9<S-75. 

Berlese, A.-- \olizi<- sn csperiinenti atlu.ali pcT i'oinhallen' la nmsea 
delle olive. Roll. C|uindie. <1. ,Soe. Ital., kioo, pp. i-ji. 

Butler, H. J. 'j'h<- Wilt Dise.-sj- of Pi ^'i-ein Pea and Pejtpei'. Ai^i lc. joiirn. 

of India. i<)0<>, vol. i, pj). 25-50. pli.s. i-v. 

Etutler, K. J. .\nnual Kep«)rt of tin- CrvptojAamii' Botanist lo llir ( lovcrn- 
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A juosl romph*lr* and valuahh- pleee of work, anrl will llliislrated. 
Dr. I'orbes seems lo liave left little more t<* he sai<l upon the subject lor 
.M>iiie lime lo come. 

The work is planned and mapped out in an admir:it)l<- in.inm-r, ;int| 
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Maxwell-Lefroy, H. Report of the Rntomolo^dst to the Government of 
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MaxwelbLefroy, H, -The Insect Pests of Cotton in India. Agric. Journ. 
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MaxwelM.efroy, H. Tlu* Mango Weevil {Crypfcrfiytu'hus niM/igj/i’rae, 
I'abr. ). Ibid., pp. t<) 4, 1^5. 1 lig. 

Nelson, J. Report of tlie Biidogis!. ’«)ih .\nn. Rpt. .Vcw Jer.sey Stale 
.\gric. I'.xp. Stat. for 1905, pp. 391-421, pits, i-xiv. 
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.\llhough having .special reference to the plant diseases of Minnesota, 
Dr. I'reeinan’s work cannot fail to find a welcome wherever plant cultiva- 
tion is carried out under .scienlilie conditions. Prevention rather than 
cure is the author’s theme. Generally speaking, a cure is impossible, but 
the methods ot prevention should be known to all up-to-date and inlellig<'nl 
cultivators. 

The work is divided into two parts; tbe first, dealing with fungi 
wliii’li arc injurious to ))Ian(s g(*nerally, forms an excellent introduction to 
the subject reiuarkably well illu.strated. Separate chapters, both ably 
written, .'ire devoted to bacteria an<l the economic aspect of the subject. 

'I'he second part of the work i.s devoted to the fungus diseases of 
timber and shade trees, fu-ld and forage crops, garden crops, orchards 
and vineyards, greenhouse and ornamental plants, and diseases of wilfi 
plants. 

I'lie work is admirably illustrated, and well indexed, and wv must 
congratul.'ite the author on its all round geiu'ral excellence. 

W. R. C, 

Halsted, B. I). Report of the Botanist, edlli Ann. Rpl. Xtw Jersev 
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fact of its having reached a .second cditijni being Miliicienl. The principh s 
laid down in the lirst edition liave been widely ach’plcd, and if anything 
the present edition is sounder, more practical, and concise than its j)n‘- 
dccessor, of which we have formed a high opinion. 
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Biol., 190(>, vol. i, pp. -’9.74. 
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Lntomol. of .Minn., 1905, pp. i9-it)H, pits, i, ii, and 139 dg^- 
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AlacDoUgall, R. — Mcf^usli^mus Spermofrophux, Waclul, as an enemy 
of Dougla.s Fir [Pseudolsni^tt dou^^hisH). irans. K. Scot, .\rhor. 
Soc., 1906, pp. 52-65, 2 pits. 

Thi.s species of Chaldd has not hitherto been recorded for this country. 
The author gives an account of the serious datnag-c it does to the seeds 
of the Douglas fir, and of its life-history, and suggestions are made of a 
protective and remedial nature. 

Dr. .MacDougall then gives an interesting review of the position, lifc- 

u 
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history and habits of the Chalcididae, and briefly discusses the question 
as to whether the is parasitic on insects, or a direct cnemv 

to plant life. Further particulars on the life-history are promised in a 
later communication. In the meantime' the position is summarised as 
follows i — That while the majority of the Chalcididae are parasitic on 
insects, sonic arc feeders on plants. This phytopha^ic habit is proved and 
admitted for the g’cniis isosomu and its immediate allies. That the g^cniis 
contains species parasitic on insects, and it is proved that 
larvae of certain species, whether parasitic on insects or not, can at least 
complete their growth on a seed or plant diet. The weight of evidence 
goes to prove that certain species are not parasitic on insects, but are 
feeders on the seeds of plants, and that amongst these are species very 
injurious to the seeds of conifers. The finding of parasitic and plant feed- 
ing species in the same genus is not impossible. The sccd-dcslroying 
species may or may not once have been parasitic on insects, but if they 
were once parasitic, they have changed their diet to a vegetable one. 
Illustrations of such a change arc not wanting in other animal groups. 
MacDougall, R. S.- On some Injurious Insects in 1905. Trans. Higli. 
and Agric. Soc. Scot., 1906, pp. 1-14, figs. 26, 27. 
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